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COMPARATIVE OPERATING COSTS OF PETROL 
AND COMPRESSION IGNITION ENGINED BUSES 
FOR PASSENGER TRANSPORT.* 

By W. C. Wuattey,t A.M.Inst.T. 


SYNOPSIS. 


In this paper on the operating costs of oil- and petrol-engined omnibuses, 
the author has emphasized the fact that the main incentive to the use of 
alternative fuels or types of prime mover is economy in operation combined 
with ease of handling of the fuel. The rapid progress made by the oil engine 
in the last decade is shown to be due to the excellent manner in which it fulfils 


these requirements. 

The saving on a 56-seater double-deck bus is stated to be 1-152d. per bus 
mile, or £216 per annum on annual mileage of 45,000 miles. This is a nett 
saving after making due allowance for additional overhead and maintenance 
charges. 

The difficulty of Municipal undertakings in dealing with peak loads and 
the effect of taxation is illustrated graphically, and the summary of replies 
to a questionnaire by twenty-six a saree de shows that although the 
conditions vary greatly in different towns, there is ample evidence of the 
preference for the oil-engine vehicle. 

Finally, the author does not contend that the present oil engine has 
reached finality, and mentions experiments which are now being made with 
the injection of gas and the alternative use of producer gas, although it 
must be remembered that any alternative must comply with the require- 
ments already emphasized, of economy in operation and ease of storage and 
handling of the fuel. 


In preparing this paper, I realized that it would not be sufficient to 
present figures based solely on the operation of motor omnibuses in any 
one city. I therefore drew up a Questionnaire which was sent to the 
General Managers of twenty-six undertakings in Great Britain, and I am 
grateful to them for the care with which they have completed the Ques- 
tionnaire, and it is on the experience of these various municipalities that I 
have based my figures. 

Among the many varied items which go to make the total cost of opera- 
tion of a passenger-transport service, the fuel bill is one of the highest. 
In Manchester, the cost of petrol represents 214 per cent. of the total 
running cost of the petrol vehicle, and with the compression-ignition 
engine the fuel cost is equal to 14 per cent. Further, many of the other 
items, such as loan charges, licence costs, and the payment of wages— 
rigorously controlled by the Trade Union Agreements—can only be 
reduced by running greater mileages per vehicle, which in large cities with 
high peak loads is sometimes very difficult. The chart in Appendix No. 1 
shows very clearly the morning and evening peak loads, and it will be 
noticed that 60 per cent. of the licensed buses are in use for only a com- 
paratively short time in the morning and evening. 

The fuel costs, as I have pointed out, represent high percentages of the 
working expenses, and they therefore present an attractive field to the 
operating engineer in search of economy. These high percentages are, 
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of course, due to taxation. When one considers that the nett price of fuel 
oil, for instance, is something under 4d. per gallon, one gallon of which is 
sufficient to propel a double-deck vehicle 8} miles, it represents a re. 
markable achievement on the part of the Oil Refiners and Distributors that 
it can be refined, imported, and distributed all over the country to con. 
sumers at a price which, but for taxation, would be approximately 4d. per 
gallon. We have, however, to deal with things as they are, and as taxation 
at present increases the price of petrol by something like 216 per cent. and 
fuel oil by approximately 232 per cent., the need for economy in fuel 
consumption becomes apparent. The importance of this may be judged 
by the following :— 

An extra quarter of a mile per gallon to the owner-driver of a 
private car may to him appear a matter of no great importance. Let 
us, however, see what this apparently very small economy means to the 
P.S.V. operator. In Manchester during the financial year which closed 
on 3lst March last, over 26,000,000 bus-miles were run, the consumption 
of petrol being 847,000 gallons and of fuel oil 2,615,000 gallons. If the 
average m.p.g. could have been raised by just this quarter of a mile per 
gallon, the resultant economy in fuel would have reduced the working 
expenses by £6685. Within the next two or three years this annual 
mileage may be almost doubled, so it will be seen that when I said fuel 
presents an attractive field for the engineer in search of economy, maybe | 
should have said that economy in fuel consumption is a matter of para- 
mount importance, provided that economy in the one direction is not more 
than cancelled out by heavier expenses in another. 

In the years following the War many experiments were made with 
alternative fuels to petrol—paraffin oil and mixtures of petrol and paraffin 
oil being tried without great success. The next stage was the use of a 
creosote distillate in an ordinary spark-ignition petrol engine, the engine 
being started on petrol and then run on the creosote fuel when warmed up. 
It was found necessary with these engines to increase the compression 
ratio to 6 to | and to fit special heating apparatus to the induction pipe. 
In order to vaporize the creosote, the inlet manifold was totally enclosed 
in the exhaust manifold, the latter being protected by a shield from the 
cooling-draught caused by the fan. With such a design there was very 
little control of the heating of the inlet manifold, the temperature of which 
had a most important bearing on the running of the engine. If too cold, 
a rapid deposition of carbon took place in the manifold and round the valve, 
which ultimately caused throttling of the gases. If too hot, cracking of 
the creosote oil took place, causing deposition of carbon compounds in the 
cylinder, which ultimately reached and contaminated the sump oil. Over- 
heating of the inlet gases also caused a drop in the volumetric efficiency of 
the engine. Great care was also required in the setting of the controls, in 
order to get a satisfactory change-over from petrol to creosote. 

The lubrication of the engine presented certain difficulties, owing to 
dilution and contamination caused by the creosote and asphaltic compounds 
formed during combustion. Castor oil was used with success owing to its 
property, not so much of dissolving the compounds mentioned above, as of 
keeping them in suspension and preventing them separating out and 
causing sludging. The high cost of castor oil, however, made its use 
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uneconomical, and certain mineral oils were used with fair results. In 
service the engine “ pulled ” well, but occasional oiling up of plugs took 
place. It was necessary to have the engine thoroughly warmed up before 
leaving the garage. To facilitate starting, the engine had to be allowed to 
idle on petrol for a short time before shutting down at night, in order to 
clear the cylinders of the products of creosote combustion which caused 
gumming up of the pistons. Due to the carboning up of the cylinders, 
frequent docking was required, and general running maintenance was rather 
higher than for a petrol engine. Overhaul costs also tended to be higher. 

The following figures show the results of the running of a double-deck 
vehicle operating on a route with frequent stops and equipped with a 
petrol engine modified for running on creosote. Castor oil was not used as 
a lubricant, but a special mineral oil at 1s. 8d. per gallon, which gave 
fairly good results :— 





| 


Petrol. Creosote. Lub. Oil. 


| | 
Miles. - . ‘ 
Galls. | M.P.G. Galls. | M.P.G. | Galls. | M.P.G. 

4279 411 04 | oo | 65 | 32h | 132 
Petrol , ‘ . , , . ‘ : . Ils. 1}d. per gall. 
Creosote . ‘ : ‘ ‘ , . ‘ ; . 74d. 9 
Lubricating oil . ls. 8d. os 
Cost of fuel and lubric ating oil ‘ ‘ : . . 2-595d. per mile. 
Cost of — for similar petrol engine . ° ; . - 3-176d, 99 
Cost of lubricating oil for petrol oes (200 m.p.g. at ls. 8d. 

per gall.) . - 0-100d. ” 
Total cost of petrol and lubricat ing oil for » trol engine . 3-276d,. oe 
Saving shown by creosote engine ‘ ‘ ° . 0-68ld. o 


On an annual mileage of 35,000 the saving would be approximately £100 
per bus per annum. However, much difficulty was experienced with the 
running of the two buses which were fitted, owing to the impossibility of 
maintaining a constant temperature in the inlet manifold, due to the 
frequent starting and stopping, and the cost of maintenance was such that 
the experiment was abandoned after about eighteen months. 

In 1929 one or two oil-engine chassis were introduced from the Continent, 
and English manufacturers began to consider the fitting of the so-called 
diesel engine to commercial vehicles. In 1930 Messrs. Crossley Motors of 
Manchester, in collaboration with Messrs. Gardners of Patricroft, supplied 
three oil-engined double-deck omnibuses—one for Leeds, one for Sheffield, 
and one for Manchester. These buses were fitted with a marine type of 
engine adapted to fit in a standard chassis. The maximum speed of the 
engine was governed to 1300 revolutions per minute, which gave the bus 
a maximum road speed of 28 miles per hour. 

The early experiments with these oil engines were so immediately 
promising that operators demanded more, and the engine-builders responded 
by designing and producing an engine specially for road-transport work, 
with a higher maximum engine speed than the marine engines which were 
first tried. 

At this point it may be of interest to direct your attention to a return 
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prepared by Mr. Mackinnon in his paper read at the meeting of the Union 
Internationale de Tramways in 1935 (extract below), from which you will 
see that whereas at 3lst May, 1931, there were only eleven diesel-engine 
units in municipal bus service, by 3lst December, 1934, there were no 


fewer than 1144. 


3lst May, 1931 
3lst March, 1932 
May, 1933 . : 
30th Sept., 1933 . 
30th June, 1934 . 
3lst Dec., 1934 





The figures at 30th June, 1938, for vehicles owned by members of the 
Municipal and Transport Association (see Appendix II) were as follows :— 


Petrol 
Oil 


COMPARATIVE OPERATING COSTS OF 


| Number of Municipal | 
| Undertakings Operating 


14 


Single Deck. Double Deck. 


1433 1904 
935 4486 





Total Number of 
Diesel Engines in 
Service. 


54 


780 
1144 


Total. 
3337 


5421 


214 (approx.) 
389 


from which you will see that out of a total of 8758 single- and double-deck 
motor omnibuses, no fewer than 5421 are operated by compression-ignition 


engines. 


Dealing with the whole of the country, the figures taken from the 
Ministry of Transport return (given in Appendix III) show that the maxi- 
mum number of hackney vehicles licensed during the quarter ended 30th 
September, 1938, operated by petrol vehicles of over eight seats capacity, 
had fallen by 7539, as compared with three years ago, whilst at the same 
time the number of similar vehicles driven by heavy oil had increased by 
11,781, this latter figure being an increase of 212-62 per cent. on the figure 


for September 1935. 


Comparing this with the goods vehicles, there was a 


reduction of 3345 in the “ over 2}-ton”’ class and an increase of 3135 in 
the heavy-oil vehicles, this latter figure being equal to 57-8 per cent. 
increase over the figure in September 1935. 

Table III, Section C, of the Ministry of Transport Returns for 1938 
gives the number of vehicles registered for the first time during the twelve 


months ended September 1938. 


Looking at double-deck passenger 


vehicles from forty-eight to sixty-four seats, it is noticeable that in this 
year only ninety new petrol-engine buses were licensed, as against 1989 


oil-engine buses of the same capacity. 


From these figures it will be seen 


that as regards large passenger vehicles, the oil engines now rank supreme. 
The position with goods vehicles is scarcely the same, as, owing to the 
imposition of the 20-miles-per-hour speed limit for vehicles weighing over 
2} tons, the application of the oil engine to goods transport has received 
a setback, it being difficult to keep the weight of the oil engine sufficiently 
low to enable the vehicle to qualify for the high-speed category. 


From the foregoing brief historical review it will be seen that the com- 
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pression-ignition engine has firmly established itself as a prime mover in 
municipal passenger transport, and it is my purpose to show in this 
paper that the chief reason for the rapid rise in popularity of the com- 
pression-ignition engine is the saving in fuel cost over the petrol-driven 
engine. 

I now propose to deal with the cost of operation under the following 
headings: (1) Capital Cost ; (2) Operation and Maintenance Cost. 


(1) Caprrat Cost. 


In the early days of development of the high-speed diesel engine the 
capital cost of a vehicle so fitted was £200-£250 over and above that of 
the corresponding petrol-engine chassis. This is understandable when it is 
remembered that the engines were built in smaller numbers and were 
distinctly of an experimental nature. To-day the additional capital cost 
of the oil-engine vehicle over the petrol-engine vehicle is approximately 
£100 per chassis. 

The difference in the annual charges between an oil-engine bus and a 
similar petrol-engine bus amounts to £19, based on an estimated extra 
charge of £100 per chassis. On an annual mileage of 45,000 this represents 
101d. per vehicle-mile. 

In the case of municipal undertakings it is necessary to make application 
to the Ministry of Transport for sanction to borrow the money upon the 
security of the City Rate for the purchase of motor omnibuses, and the 
repayment of the loan is spread over a period of eight years, in addition to 
the payment of interest on the money borrowed. Experience in Manchester 
has proved that the life of a motor bus does not always reach the full limit 
of the loan period of eight years, so additional provision is charged annually 
in order that the whole capital outlay is provided in six-and-a-half years. 
This additional provision is set aside to pay off the outstanding debt 
whenever a bus is prematurely taken out of service and scrapped. The 
additional provision on buses that remain in service for the full loan period 
is thus available for the purchase of, say, new bodies, or for general renewal 
purposes (see Appendix IV). 

Some undertakings are in the fortunate position of having a reserve fund 
available so that new vehicles may be purchased out of accumulated profits 
from previous years. In this case a sum equal to the loan debt repayment 
could be charged against revenue each year and credited to the Reserve 
Fund, so that by the time the vehicles are worn out, the amount in the 
reserve fund would again be available for buying more vehicles. 

Capital costs are greatly influenced by the conditions under which the 
vehicles operate. The life of a bus in Manchester, for instance, with 
frequent stops, congested traffic, and sett roads (which cause constant 
vibration), is naturally shorter than it would be in a town with light traffic 
and smooth tarmac roads. This increased cost, together with a higher 
maintenance cost, may be counteracted to some extent by the “ density- 
of-traffic ”’ factor shown in an increase of revenue for more passengers 
carried per vehicle-mile. Nevertheless we have in Manchester 170 buses 
still running which have exceeded their eight years’ life. These vehicles 
are still being operated on the peak-load services, as it would be obviously 














578 WHALLEY : COMPARATIVE OPERATING COSTS OF 


uneconomical to purchase brand-new vehicles for the operation of the part- 
day services, the loan charges per week on a double-deck bus being £8 (see 
table on Comparative Operating Costs). 


(2) OPERATION AND MAINTENANCE Cost. 


In considering operating costs there are certain factors which do not 
vary whatever method of propulsion is used for the vehicle. These are : 
the traffic charges (which include the wages of drivers and guards, cash- 
clerks, and inspectors, ticket-printing, equipment on routes, uniforms, 
and cleaning of vehicles), general expenses (which include salaries and 
wages of officials, rents, rates, printing and stationery, compensations— 
accidents and employers’ liability—health, pensions, unemployment, fires 
and other insurances, and telephones and postages), licences (there is, 
of course, now no difference between the licence paid on the petrol-engine 
vehicles and the heavy-oil-engine vehicles). All these items per bus-mile 
only vary according to the use made of the vehicles, and in large towns, 
where there is a large peak load, it is extremely difficult to obtain a satis- 
factory mileage from all the vehicles in the fleet. 

This leads to complications when attempting to compare the costs to-day 
of a petrol-engine and an oil-engine vehicle. During the last few years 
most municipalities have purchased oil-engine vehicles only, with the 
consequence that the older petrol-engine vehicles have been relegated to 
the peak-load services. As a result the average mileage of a petrol-engine 
bus is much lower than that of a corresponding oil-engine vehicle. In 
calculating the cost of a petrol-engine vehicle 1 have therefore had to 
assume that it is working under conditions identical with those of the oil- 
engine vehicle. Coming now to repairs and maintenance there is no 
appreciable difference in such items as bodywork, painting, electrical 
repairs, maintenance of tyres or fire appliances, and these items have been 
treated as non-variable costs. With regard to the two remaining items 
under this heading—chassis and engine—there is a difference. In the 
early days of the oil engine, overhauls were much more expensive than at 
present, owing to the higher price of materials. Crankshafts, crankcases, 
etc., have to be considerably stronger in the oil engine owing to the higher 
stresses with which they have to deal. This difference in cost has now been 
considerably reduced, due to increased production, but nevertheless the 
opinion of the municipalities replying to the Questionnaire is definitely that 
there is a higher cost in the overhauling of the oil engines. This varies 
from a few pounds to £20 per engine, with the exception of one undertaking, 
who state a cost of £46 more than a petrol engine, although at the same 
time two other undertakings claim that the oil engine is cheaper to overhaul 
than the petrol; but, taking the average, the cost of the heavy overhaul of 
the oil engine is 0-08d. per bus-mile more than that of the petrol engine. 
It is difficult to assess the difference in day-to-day running maintenance, 
but the general opinion of the different undertakings appears to be that, if 
anything, the advantage lies with the oil engine, the fuel-injection pump 
causing far less trouble than the combination of magneto and carburettor 
fitted to the petrol engine. 

The following table shows the comparative working expenses and final 
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operating costs of two double-deck buses operating under normal conditions 
and running an annual mileage of 45,000. The non-variable costs are 
abstracts from the Manchester Revenue Account to date (5th February, 
1939). The variable costs are average costs obtained from a summary of 
the Questionnaire, and again Manchester figures are used for interest, loan 


charges, and additional provision. 


Comparative Operating Costs of Two Double-deck Buses (48-56 Seats) Running an 


Annual Mileage of 45,000. 


Type of Vehicle : 


Cost. of complete vehicle 


Pence per 
Bus- Mile. 


Non-variable costs : 


Traffic expenses , ‘ , , 5-462 
General expenses , : , ‘ 0-939 
Buildings and fixtures ‘ ‘ : 0-104 
Machinery and tools . , ; : 0-088 
Superannuation fund . 0-343 
Labour costs of fueling and lubricat ing. 0-066 
Repairs and maintenance : 

Bodywork and painting ‘ ’ - |) 
Electrical . ‘ . _ |p 0-816 
Tyres and fire applianc es. ; ‘ } 

7-818 


Excise licence 
P.S.V. licence 


Variable coats : 
tepairs and maintenance : 


Chassis and engine. ‘ , : 1-333 
9° °° ° . ‘ : 1-413 
Fuel (consumption only). ‘ , 2-800 
o 9° - ‘ , . 1-443 
Lubricating oil (consumption only) i 0-057 
0-081 


Comparative working expenses : 
Interest on loan 
Redemption of debt 
Additional provision for re snewals 


Comparative operating costs 


Difference in favour of heavy-oil buses . 


Repairs and maintenance cover all the costs of both the day-to-day 
maintenance in the garages, regular dock overhauls, and complete over- 
hauls. From the returns made by the different undertakings it appears 


Petrol | Heavy-Oil 
Eng. | Engine. 
£2,100 £2,200 
£1,466 £1,466 

86 86 
2 2 
£1,554 £1,554 
250 
265 
525 
271 
11 
15 
£2,340 £2,105 
73 OC 77 
236 247 
87 91 
£2,736 £2, 520 


£216 
1-152d. per 


bus-mile. 


that everybody has now adopted a more or less similar system. 


and chassis are light docked every 20,000 miles, and this dock generally 
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consists of the removal of the cylinder head, attention to valves, de. 
carbonizing, dropping of the sump, and inspection of the bearings, cleaning 
of oil filters and oil system generally, refilling with fresh oil, and the 
checking of the fuel-pump timing. With some undertakings the fuel-pump 
calibration is also checked at the same time. 

Up to a few years ago it was the custom to put all vehicles through a 
complete overhaul after 60,000 miles, but owing to the improvements in 
material and design, this figure has gradually been increased, until now 
100,000 is looked upon as being an appropriate mileage at which to carry 
out a complete overhaul. Unfortunately on fast City services, where 
engines are subject to very severe treatment, it is not generally advisable to 
let the engine run for such a period, and in many undertakings it is 
customary therefore to carry out a semi-overhaul at 50,000-60,000 miles 
or to change the engine unit for a thoroughly overhauled unit. 

At the complete overhaul of the engine it is usually necessary to either 
re-grind the sleeves or cylinder bore and fit oversize pistons, or, alterna- 
tively, re-sleeve back to standard size. The crankshaft will require 
re-grinding, and all the bearings, both main and big-end, will require re- 
newal. It will also be found that certain of the valve-seats will require 
new inserts. In the larger undertakings the engine, after such an overhaul, 
is thoroughly bench-tested and ready to start a fresh life, as good as new. 
The costs given for this overhaul vary from £30 to £90, but in comparing 
the costs of the overhaul of the petrol and oil engine, I have used the 
Manchester figures, which are comparable with similar undertakings, and 
the cost of overhaul of the oil engine is approximately £20 more than the 
petrol engine. Certain engine-manufacturers undertake the overhaul of 
their engines for users, and we in Manchester have had oil engines over- 
hauled by well-known makers at a cost of £75 nett. Our own price for this 
job over twelve months has worked out at £74 8s., so that I think we may 
say that the figures I have used are fair and reasonable. Some under- 
takings claim, in their replies to the Questionnaire, to have carried out their 
overhauls for considerably less than this, but you will appreciate that 
circumstances alter cases, and there may be particular reasons which result 
in the engine not needing such heavy repairs as are required after 60,000 
miles’ arduous service in heavy city traffic. 

The distinguishing unit between the oil engine and the petrol engine is 
the fuel-injection pump which takes the place of both carburettor and 
magneto on the petrol engine. This pump is remarkably efficient, and 
in fact it is largely due to this pump efficiency that the high-speed com- 
pression-ignition engine has made such progress. In the maintenance of 
the pump we find it advisable to check the calibration at every light dock 
(20,000 miles), but the actual repair and replacement required by the 
pump—even at 100,000 miles—are very small. Most of the large under- 
takings now have an electrically driven machine for testing and calibrating 
fuel-injection pumps, and these have proved of great service, inasmuch as 
the fuel consumption has been improved as a result of a periodic calibration 
on the machine. The following table shows the pump-settings which have 
been standardized in Manchester, and the effect of using and maintaining 
these settings has been an improvement in the fuel consumption of the fleet 
of half a mile per gallon :— 
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Cali- | Overload | Full-load| ., _ Governor R.P.M. | Max 
bration Code. | Setting, | Setting, | Governor | ——________—— MP H 
Letter. C.C i CS. Springs. Min. | Max. = 

\ A.2M7E | 94 7-7 7023/84 | 180 | 770 | 30-4 
B.2M7E 9-4 7-0 7023/78 | 
B | A.2M6E 9-4 7-0 7023/36 180 870 | 30-4 
| B.2M6E | 7023/75 
7023/38 | 
C C.3M7E 9-4 8-4 7023/84 180 | 6770 | 30-4 
7023/78 
D C.3M6E | 9-4 7-7 7023/36 180 | 870 | 30-4 
| 7023/75 
7023/38 
G A.287K 9-4 7-7 7023/84 180 770 | 32-2 
B.287K 7023/78 | | 
7023/38 
H A.38S7H 9-4 7-9 7023 /84 180 770 30-7 
B.387H 7023/78 | 
L —4L4E 9-3 8-6 7023/84 180 800 33-5 
7023/78 | 
M 4L6E 9-3 7-6 7023/84 | 180 900 31-5 
7023/78 
7023/38 
N 4T5F 9-3 8-2 7023/84 180 800 32-9 
7023/78 
KEy 
First (letter). Heads. Second (Number). Engine. 
A A type 2 4-7/16 x 6 
B - « 3 4-7/16 x 5} 
Cc oS «= 4 44 x 5h 
D is 
rhird (letter). Chassis. Fourth (Number). Differential ratio. 
M Type x D.D. 4 5-4 
8 Type x 8.D. 5 5-5 
L Type z D.D. 6 6-5 
T Type z 8.D. 7 5°75 
Fifth (letter). Tyre Size. 
E 9-00 x 20 
F 230 X 20 
H 8-25 x 22 
K 8-25 x 24 


I cannot too strongly urge engineers to pay most careful attention to 
the settings and calibration of the fuel-pumps. 


FUELS. 


The type of fuel used has obviously a very important bearing on the 
question of operating costs. Some years ago in Manchester we were put 
to a great deal of unnecessary expense through using an unsuitable petrol, 
and we have since taken particular care to have samples regularly tested. 
The petrol which gave trouble had a final boiling point of 239° C., with a 
result that crankcase dilution was excessive and engine trouble followed. 
As a result of our experience we consider that a petrol with a final boiling 
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point of over 200° C. is unsuitable for our purpose. The following is an 
average test of a petrol which has been found suitable :— 


Specific gravity , ‘ : ‘ ‘ , ‘ ‘ . 0-741 


Distillation test : 


First drop collected at . . : : : ‘ ‘ - 410°C, 
Between first drop and 105° C. . . ‘ : : - 375% 
in 105° C. and 150° C, . ’ , ; ; . - 38-0% 
ae 150° C. and 180° C. . , i . ; , - 165% 
Above 180° C. ‘ ° ; . ; ‘ ‘ ‘ ; 6-5% 
Loss on distillation , : : ‘ , , , . 15% 
100% 


Maximum temperature of distillation—199-5° C. 

Sulpburic-acid test—Acid layer assumes light orange-yellow coloration. 
Effect on bright copper—Nil. 

Doctor test—Negative. 

Colour—Water-white. 


This test can be carried out by the chemical laboratory of the Corpora- 
tion, and in fact frequent test-samples are taken and tested during the period 
of a contract. The octane number of the spirit is given by the suppliers 
as 69-5. 

The oil used for our compression-ignition engines, which the general 
public will insist on calling “ crude ”’ oil, is, as you are well aware, a high- 
grade gas oil. It is much more difficult for the users to make certain that 
the fuel is up to specification, the engine test being, I think, the only real 
criterion. From the replies to the Questionnaire, the majority of under- 
takings are using well-known standard gas oils, of which the following is a 
typical specification :— 


Specific gravity at 60° F. . ‘ ‘ , , 0-845 
Flash-point (P.M.) ; ‘ ‘ ; _ , 220° F. 
Viscosity (Redwood) at 70° F. ‘ . . . 42 seconds. 
’” ” » 100° F. ° ; ‘ ° 36 - 

Calorific value. ‘ , , ; : . 19,500 minimum B.T.U. 
Spontaneous ignition temperature , , . 240° C. 
Carbon residue . . ‘ , ‘ ‘ ; 0-01% 
Ash . , ‘ ‘ ‘ , ‘ ‘ : 0-003 % 
Sulphur , . ‘ : ‘ , ‘ - 0-13% 
Cetane number . , ‘ , ‘ ‘ ‘ 57-5 minimum. 
Initial boiling point : ‘ . , ; ‘ 240° C. 

10% overat . ‘ ‘ ‘ : ‘ ‘ 263 

20% ~~ 272 

30% 278 

40% ,, 285 

50% 291 

60%) ss 298 

10% 1» 306 

80% =i, 318 

9% Lcd: « catia Ad ies ang oe 

95% ., ee See ee ee 
Final boiling point ‘ ‘ . ‘ . Below 370° C. 
Recovery . ‘ ‘ ‘ , ‘ ‘ ‘ 97% 
Residue ‘ : ; : , ; ° ‘ 1-5% 
Loss . ; ‘ ‘ , , . : ‘ 15% 
Pour-point . ‘ ; ‘ ‘ : ‘ . 10° F. 


This specification is, in.my opinion, better than the British Standard 
Specification for high-speed diesel fuel No. 209, published July 1937, the 
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latter permitting a maximum viscosity of 45 secs. (Redwood) at 100° F. 
Our experience in Manchester leads us to think that the viscosity we are 
now using—about 36 secs. (Redwood)—is much more suitable, as there are 
difficulties in supplying a higher viscosity fuel to the engine. 

I have made some experiments with a view to comparing different gas 
oils as regards startability in our engines. An auxiliary tank filled with a 
mixture of ice and salt was connected in series with the engine-cooling 
system, and an independently driven circulating pump used to circulate the 
brine mixture through the engine until the temperature of the cooling water 
was brought down to 15° F. 

These tests showed the necessity of using lubricating oil with a good cold 
test, as it was necessary to turn the engine at 80 r.p.m. to be certain of a 
start, under these conditions of extreme cold. 

Comparative fuel tests are also made with engines on the test-bench at 
the Works, where we have two Heenan and Froude electro-dynamic 
engine-testers, the following being the result of a typical test :— 


Fuel “ A ’’—Average of 5 runs of 15 mins. each :— 
1400 r.p.m., 76-64 b.h.p., 0-603 pt. per b.h.p. 


Fuel “‘ B ’’—Average of 5 runs of 15 mins. each :— 
1400 r.p.m., 78-75 b.h.p., 0-581 pt. per b.h.p. 


These tests are of value as a comparative test only, due to the fact that 
our flowmeters are calibrated for petrol and this test was taken on an 
oil engine. The performance of the engine was better in every way when 
running on fuel “ B.” 

Whatever method of grading or rating the fuels is ultimately decided on, 
one of the most important points to the user is that the ignition delay angle 
should be as small as possible, and it has been found that there is a direct 
relationship between the anti-knock value and the delay angle, zero knock 
or the best possible smooth running being equal to 3-5° of ignition delay. 

Good ignition qualities, low viscosity, freedom from impurities, and 
absence of wax separation are all desirable in a fuel oil for compression- 
ignition engines. Ease of starting on both oil and petrol engines has a 
direct bearing on cost, for unless the engine will start easily after standing 
all night, it is necessary to have either special gangs of men going round 
starting up, or self-contained portable petrol-engine-driven starters, or 
even, in many instances, it becomes necessary to tow the vehicle with 
another one, adding considerably to the running costs. 

A direct-injection oil engine normally has a better start than a similar 
petrol engine, but with some of the indirect type there are starting diffi- 
culties, particularly in cold weather. We have found that by using double 
pole-heater plugs connected direct to the 12-volt lighting and starting 
battery, it is nearly always possible to get a cold start. The heater-plug 
is controlled by a special switch, which, when turned into the first position, 
heats the plugs, including a tell-tale plug in the driver’s cab. When this is 
glowing brightly, the switch is moved into the second position which 
operates the starter-motor. We have also developed in some of our 

garages a system of radiator heating, whereby low-pressure steam is 


allowed to bubble through the radiator throughout the night, the steam- 


pipe being connected to a special tap at the bottom of the radiator-tank. 
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This has proved very satisfactory and economical for both petrol and oil 
engines, as the temperature of the engine is maintained at over 1()° F. 
throughout the night. 

In Manchester it is our practice to centrifuge all fuel oil before delivery 
to the buses, oil being received from the contractor into the large storage. 
tank, from which it is pumped through a centrifuge into the service-tank, 
Although there are only two other undertakings who have reported that 
they also use the centrifuge, we have formed a definite opinion that this 
process is a profitable one. The actual cost of centrifuging, including all 
capital charges of the plant and labour, is less than 0-ld. per gallon, and it 
has been noticeable when one of the centrifuges has been temporarily out 
of service, complaints from the buses belonging to that garage regarding 
black smoke, etc., have immediately increased. The majority of the 
undertakings have reported that they now get very few complaints from 
the police or public regarding fumes, this being due to the better attention 
to the pump and atomizer systems. Seventeen of the undertakings 
replying have installed power-driven testing machines for calibrating the 
fuel-pumps, and report savings of from 5 to 10 per cent. In Manchester 
it is now our practice to check every pump at 20,000 miles, and this has 
resulted in an improvement of 5 per cent. in the fuel consumption of the 
fleet. 

LUBRICATION. 


The question of lubrication is one on which, as you know, many papers 
have been written, and many more will be written. Most engineers hold 
very decided opinions, some believing in the cheapest oils, and others in 
the very highest quality. From the returns made by the undertakings it 
appears that most municipal operators take the middle course, using a 
lubricant of a reasonable price and making no attempt to reach phenomenal 
oil-consumption figures in miles per gallon. Tests have been carried out 
with all types of oil, and in our opinion the better consumption obtained 
from the higher-quality oils was not sufficient to offset the increased cost. 
Provided an oil of good cold test and as low a viscosity as can be used with 
safety is specified, no harm will result, and the wear figures will not be 
excessive. In fact in Manchester with a medium-priced oil and the follow- 
ing specification :— 

Specification No. 1. (Diesel lub. oil.) 


Winter. Summer. 
‘ific gravity at 60° F. 0-905 0-907 
C osed flash . 2 440° F. 440° F. 
Open flash _ . . 460° F. 460° F. 
Viscosity (Redwood) at 70 Pi 1120 secs. 1450 secs. 
” 99 = we ie « 136 165 
99 90 — Ge’ Wee a os 62 , 
Viscosity index ‘ ; 85 85 
Cold test pour I.P.T. 5° F. 5° F. 
Demulsibility number I. P. . A 3 4 
Fatty oil, Nil Nil 
Carbon +E Ramsbottom A 0-19% 0-25 
a - B 112% 1-228 
Colour , ‘ ‘ Deep pale Very light red 


cylinder-wear figures as low as 12,000 miles per 0-001 inch for petrol 
engines, 15,000 miles per 0-001 inch for direct-injection oil engines and 
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33,000 miles per 0-001 inch for indirect-injection oil engines are regularly 
obtained. These figures are not isolated cases, but are averages of a large 
number of engines. 

Twenty-two undertakings have given details of the specification of the 
lubricating oils which they use. It is not necessary to give all these in 
detail, as fifteen of them are similar to that already given for Manchester. 

Three undertakings are using oil similar to Specification No. 2 (below), 
the price of this being approximately 60 per cent. more per gallon than 
the oil in the Manchester Specification. 

Three undertakings are each using special oils. Specification No. 3 (a) 
is apparently a solvent-refined oil of a low viscosity with a very high 
viscosity index (108), and the price is slightly higher than that of the 
prev iously mentioned solvent oils. A specially treated oil with a graphite 
content is shown in Specification No. 3 (6) and this has the highest viscosity 
index of any oil reported—viz., 111. The third undertaking which is 
using special oil reports that it is using lubricating oil which has been 
electrically treated, but it does not pass any comment on the results 


obtained. 
Specification No. 2. 


Specific gravity at 60° F. . 4 7 0-880—0-885 
Closed flash . . ; ° 440-450° F. 
Viscosity (Redwood) at 70° F. . ‘ 2200-2300 secs. 

*” 0 » 140°F.. ‘ ‘ 255-260 __i,, 

- Ga ws ‘ ‘ 80-83 % 

Cold test pour I.P.T. ‘ , . 15° F. 
Demulsibility number I. P. 4 ‘ . _- 
Carbon residue Ramsbottom A ‘ ‘ 0-30-0-35% 

a - - B ; ‘ 0-80-0-90% 

Specification No. 3. 
(a). (6). 

Specific gravity at 60° F. ; : , 0-873 0-882 
Closed flash . . ; . , ' 405° F. 430° F. 
Open flash _. ‘ , , 415° F. 450° F. 
Vise osity (Redwood) at 70 We 5 - 660 secs. 1450 secs. 

” - ~~ woe we. ‘ ‘ a ws 185 _,, 

- . . 200° F 53, 3 ws 
Viscosity index , : , ‘ : 108 lll 
Cold test pour I.P.T. ‘ , . 15° F. 0° F. 
Demulsibility number L.P.T. . , ‘ l 4} 
Fatty oil, : , ° . Nil 14% 
Carbon residue Ramsbottom A . ‘ 0-42% 0-52% 

*” *” - B ‘ ‘ — 1-35% 


Finally there is one other interesting point, and that is that one munici- 
pality with a fleet of over 100 buses has entered into a mileage contract for 
the lubrication of their vehicles, the contractor apparently being responsible 
for all the lubrication of the fleet and being paid so much per bus-mile. 


TAXATION. 


The question of taxation has a great bearing on the development of any 
new type of prime mover for road-transport work. The absence of 
additional taxation undoubtedly assisted the early development of the oil 
engine, the position in 1932 being that whereas petrol was carrying a tax of 
8d. per gallon, gas oil was free of tax, and the licence for the oil-driven 
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vehicle was exactly the same as the petrol vehicle. In 1933, however, 
there was an additional tax of ld. per gallon on both gas oil and lubricating 
oil, and the licence of a double-deck fifty-two-seater bus was increased from 
£86 8s. to £148 if driven by an oil engine. In 1935 the additional Road Fund 
tax was removed, and the 8d. per gallon fuel tax put on gas oil in the 
same way as on petrol. Finally, in 1938 there was an additional Id. per 
gallon, making 9d. on both petrol and fuel oil. This is shown clearly in the 
following table :— 


52-Seaters. 


Petrol. Heavy Oil. 
1932. 
Tax. , , . 8d. Tax . ° ; . Nil 
Lubricating oil . ‘ — Lubricating oil . ° -— 
Licence . . . £86 8s. Licence. ‘ - £86 8s. 
1933-34. 
Tax. ‘ . . 8d, Tax. . ‘ . Id, 
Lubricating oil . = Lubricating oil . - Id. 
Licence. ‘ . £86 8s. Licence. . . £148 
1935-36. 
Tax . ‘ . . 8d. . Tax. ‘ ‘ . 8d. 
Lubricating oil . - me Lubricating oil . - Idd, 
Licence. ‘ . £86 8s. Licence. , . £86 8s. 
1938-39. 
Tax . ‘ ‘ - Tax. ‘ ; - Od. 
Lubricating oil . - Id. Lubricating oil . -§ 
Licence . ‘ - £86 8s. Licence . , - £86 8s. 


It is interesting to note that the amount paid for motor-omnibus licences 
in Manchester for the financial year (1937-38) was as follows :-— 





Road Fund licences r : . : . £45,955 
Traftic Commissioner’s licences 2,555 
£48,510 


The amount paid in tax on petrol and heavy oil for the financial year 
(1937-38) was £104,716. The amount paid in tax on lubricating oil 
was £385. Thus the total taxation paid was £153,611. 

The table in Appendix V illustrates the effect of the varying taxation on 
the running costs and savings in favour of the oil engine. 

The average fuel cost per mile of the undertakings replying to the 
Questionnaire were as follows :— 


Average Cost per Mile. 


Double Decks. Single Decks. 
Petrol ‘ , . ‘ ‘ ‘ 2-889 2-889 | 2-441 2-441 
Heavy oil, direct ‘ : ° ‘ 1-423 |} 1-220 
fa indirect ; : ; : 1-569 | 1-367 
Saving in favour of oil engine (in pence 


per bus-mile) . ‘ ; i ; 1-466 1-320 | 1-221 1-074 
| } 
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To conclude, it will be noted from the summary of the Questionnaire 
that there are now very few complaints against the oil engine. It has the 
advantage that the brake thermal efficiency is approximately 32 per cent., 
as against 22 per cent. for the petrol engine and, further, it runs most 
economically at about 60 per cent. of full load, which is the condition under 
which the engine is mostly running in service. The performance on the 
road is generally admitted to be a gear better than a petrol-driven bus, and 
experiments are now being made with over-speed gear-boxes so as to give 
a higher road speed and take adv antage of the good torque with the diesel 
engine at low speeds. Further, there is less risk of fire, and no restriction 
on the storage and handling of the fuel. 

The oil engine to-day runs comparatively quietly, and in fact many 
passengers cannot tell the difference. There remains, then, the saving in 
fuel, which averages 1-357d. per mile for a double-deck bus (see p. 579), 
from which must be deducted the slight extra maintenance cost of 0-080d. 
per mile, the higher lubrication cost of 0-024d. per mile and the additional 
debt redemption charges of 0-101d. per mile, leaving a nett saving per bus- 
mile of 1-152d., equivalent to £216 per vehicle per annum on a basis of an 
annual mileage of 45,000. 

As to the future, we look forward to a reduction in the power-weight 
ratio of the compression-ignition engine and a further reduction in the first 
cost. There is also a possibility of further economies with the introduction 
of super-charging and the two-stroke engine. 

Experiments are actively in progress with the Erren system of injecting a 
percentage of hydrogen gas into the compression-ignition engine, which it is 
claimed can produce a further economy of 30 per cent. provided hydrogen 
can be purchased at a reasonable price. It is stated that if hydrogen could 
be purchased at 8d. per 1000 cu. ft., it would be equivalent to diesel oil at 
3d. per gallon or petrol at 2d. per gallon. The Erren system is claimed to 
give smoother running and a clean exhaust, in addition to fuel economy. 

There are also the compressed-gas and self-contained producer-gas 
vehicles to be considered as rivals to the diesel engine. In certain countries 
on the Continent it has been made compulsory for the owners to operate 
a minimum of 10 per cent. of their fleet on home-produced fuels, and this 
has led to a large number of these gas-producer vehicles being put into 
service. 

Experiments are again starting in this country, and it will be interesting 
to see whether the system can be successfully applied to passenger-transport 
work, 

Transport engineers are always willing to experiment with new fuels 
provided that there is some reasonable chance of their being a success, and 
provided a suitable fuel, available in sufficient quantities, is produced, 
engine-builders are quite prepared to alter or re-design their engines to 
suit. The qualities we desire in a fuel are that it should be easily obtained, 

safe to store and handle, and stable under normal storage conditions. 
It should give easy starting, smooth running, and clean combustion, leave 
no undesirable residue in the cylinders, be stable in price, and cheap. It is 
the author’s contention that at the groment the compression-ignition 
engine using standard gas oils stands unchallenged as the cheapest, safest, 
and best method of propelling a road passenger-transport vehicle. 
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Schedule showing the Annual Sum Required to be Set Aside and to Accumulate at 
3 per cent. Compound Interest, in Order to Repay a Loan of £2200 in Eight Years. 


Annual Pay- 


Year. ment into 
the Fund. 

Be 2. 
. & & 
l 247 8 1 
2 | 27 8 1 
3 247 8 1 
4 247 8 1 
5 247 8 1 
6 | 247 8 1 
7 247 8 1 
8 247 8 1 


| 


Statement showing the Additional Provision required Each Year to Reduce the 


, Amount as per 
Year Col. 4 Abon. Provision. Total. 
£ «. d., . -. . & & 
l 247 8 1 a 338 9 3 
2 254 16 6 83 12 9 338 9 3 
3 262 9 5 75 19 10 338 9 3 
4 270 611 68 24 | 338 9 3 
5 278 9 1 60 0 2 338 9 3 
6 286 16 2 | 5113 1 338 9 3 
6} 147 14 1 2110 5 169 4 6 
7 147 14 2 — ~ 
8 304 5 7 — - 
£2200 0 0O £2200 0 0O 


It will be seen that should 
£451 19s. plus interest accrued 


COMPARATIVE OPERATING 





COSTS OF 





APPENDIX IV. 


| 


Annual Interest Total, 





Total in Fund 
on Columns at End of 
Accumulations. 2 and 3. Each Year. 
3. 4. 5. 

£ «e. d. . = & £ ea ¢. 
_ | 247 8 1 | 247 8 1 
78 & | 25416 6 | 502 4 7 
5 14 | 22 9 & | 764 14 0 
22 18 0 270 611 1035 0 11 
31 1 0 | 278 9 1 | 1313 10 0 
39 8 1 286 16 2 1600 6 2 
48 0 2 295 8 3 | 189514 5 
56 17 6 304 5 7 2200 0 0 





Period to 64 Years. 


| 


Additional 





£451 19 


8 | 
fe, Px —————————— 


the vehicle last the full period of eight years, there is 
in the Renewals Fund available for other purposes. 
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DISCUSSION. 


Mr. T. C. E. Rowianp said, with regard to the operation of engines on creosote oil, 
that they had experienced the same difficulty, particularly with the abnormal carbon. 
ing up around the valves. This took place to such an extent that the machine would 
operate only for a matter of a week or ten days before it had to be taken down and 
thoroughly cleaned. They had not persevered with the experiment, as there was 
great difficulty in obtaining two consignments of creosote oil alike; he understood that 
the total supply for the country was very limited, and even had the experiment 
proved successful, there might be great difficulty in obtaining the fuel requirements, 

He was very interested to see that at Manchester they were able to obtain 20,000 
miles per 0-001 in. wear in cylinder bores. This was a phenomenal figure, and he would 
be glad to know how this was obtained. Most operators had to be content on heavy 
city services with something like 3500 miles per 0-001 in. wear. They had, however, 
been able to obtain figures up to 11,000 miles per 0-001 in. wear with some experimental 
chromium-plated liners, and this figure they considered very satisfactory. 

On page 577 of the paper, under “ Capital Cost,”’ the author spoke of repayment loans 
being spread over a period of eight years, and in some cases the vehicles had been 
scrapped at about six and a half years; these were very low figures to-day. They had 
extended theirs to ten years, and in some cases they might have to run beyond that. 
He understood that one of the largest operating companies had extended their period 
up to fifteen years. 

The author appeared to lay great stress on the centrifuging of fuel oil as being a 
means of reducing dirty exhaust. They had never centrifuged their oil, but on the 
advice of some of the fuel suppliers they applied a heavy type of filter in the main 
pipe-lines, and it was true to say that they had never experienced any trouble through 
impurities getting into the engine. The small filters in the fuel-oil system were cleaned 
on dock, which was at approximately 10,000 miles intervals, and it was seldom that 
anything was found in them; it was more a question of routine. They had found that 
the best way of keeping the exhaust clean was by recalibrating the fuel pumps at 
25,000 miles intervals. This not only effected saving, but also kept the exhaust clean. 

On page 587 the author stated that experiments were actively in progress with the 
Erren system of injecting a percentage of hydrogen gas into the compression-ignition 
engine. He would be very pleased to hear the author give some further information 
with regard to this, as it was a question all transport operators were anxious to hear 
about, particularly at this juncture, when so much was being talked about the use of 
home-produced fuels. The author also referred to producer-gas vehicles being con- 
sidered as rivals to the diesel engine. Perhaps he had more information than was 
available to the average operator, as up to the present he (Mr. Rowland) knew of only 
one producer-gas vehicle that had been operating on passenger service. He thought 
it would be true to say that this had been run more in the nature of an experiment, and 
he would be glad to have any further information on this subject. 

In conclusion, he would like to compliment the author on such an interesting paper. 


Mr. Witrorp prefaced his remarks by stating that although it was not within his 
province to discuss the paper from the aspect of costs, he would like to comment on 
certain other points raised. 

In respect of the use of creosote, the London General Omnibus Co., Ltd., had also 
carried out service tests with some measure of success, castor oil being employed as 
lubricant. Amongst the factors which led to the abandonment of the experiments 
was the realization that not only were the available supplies of the fuel limited, but 
that material from different sources, and possibly even from the same source, was 
likely to be of very variable character. It appeared, therefore, that it would have 
been impossible to employ creosote for any appreciable number of vehicles, and that 
adjustments would have been required to suit the different characteristics of individual 
deliveries. 

The paper contained a tabulation of the fuel-pump settings standardized in Man- 
chester. To enable a comparison to be made with those employed by the London 
Passenger Transport Board, he asked for details as to the pump speed and number of 
revolutions at which the outputs were obtained. 

He referred to the fact that the London Passenger Transport Board had not found 
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it necessary to centrifuge the fuel before use, and suggested as a reason that they had 
commenced their development work with indirect-injection engines, which in the 
early days were very much less troublesome than the direct-injection type in respect 
of exhaust smoke. The contention that a centrifuged fuel was less prone to cause 
wear, due to elimination of iron oxide derived from rust formation in the storage tanks, 
was not supported by work carried out by the I.A.E. Research Department with used 
lubricating oils supplied by the London Passenger Transport Board. In these tests it 
had been found that the only oil which gave rise to any measurable increase in cylinder 
wear was one which contained an appreciable amount of silica, derived, of course, from 
road dust. 

The London Passenger Transport Board used a lubricating oil of viscosity similar 
to that of the Summer grade of Specification No. 1. The viscosity of the oil complying 
with Specification No. 3 (a) seemed unusually low, and it would be interesting to know 
if it were used for any special reason—as, for example, a tendency in the engines 
concerned to production of excessive carbon deposits derived from incomplete com- 
bustion of the fuel. 

With regard to the use of producer gas for passenger transport vehicles, he felt that 
this was not a practical proposition at the moment. He was given to understand that 
a producer-gas-driven vehicle was about equal to a C.I. engine-driven one in respect 
of fuel costs, but that its operation was much more difficult. Moreover, both the 
exhaust-smoke and carbon-monoxide problems were real objections, particularly in 
the case of vehicles running in congested city streets. 


Mr. H. J. Youne said he had listened to the author’s remarks concerning the low rate 
of cylinder-wear on his fleet with much interest, because it happened that the firm 
with which he (Mr. Young) was connected supplied the liners which gave the good 
results on those buses. Other fleet-operators, however, could take heart in the know- 
ledge that the very atmosphere of a city appeared to have a profound effect on the 
wearing-rate. It would be an instructive research to determine the abrasive properties 
of samples of dusts obtained from air-filters of vehicles functioning in various parts of 
their largest cities. Moreover, the most intimate details of service conditions and of 
combustion-zone conditions could exert a controlling influence upon cylinder-wear. 
It was by no means all a matter of petrol or oil; and the fact that superheated steam 
engines could suffer from severe bore-wear established that argument beyond doubt. 

He (Mr. Young) had heard with some astonishment the reiterated appeals made at 
the Conference for engineers to co-operate with petroleum technologists by designing 
engines to suit modern petrols, the latter being described in detail for the engineer's 
benefit. That had recalled to his mind an incident of recent happening. Approach- 
ing a petrol station where there were fifteen pumps, he was slowing down when his 
wife asked quite seriously : “‘ What are you going to have?’ If that was an accurate 
portrait of motoring to-day, it suggested that engine designers had already co-operated 
with petroleum technologists to the extent of producing engines which work well and 
remain healthy no matter which of fifteen or more diets may have been selected for his 
steed by the owner driver. 

In conclusion he directed attention to the unusual nature of the paper by Mr. 
Whalley. It was full of valuable practical facts and figures so presented that it could 
be read by all. It was the type of paper eagerly sought and seldom found by technical 


bodies. 


Dr. E. R. RepGROvVE said he thought that the excellent cylinder-wear figures on the 
C.I. engines were largely, if not entirely, attributable to the fact that the fuel was 
centrifuged. One only had to see the material—particles of rust, silica, fibre, ete.— 
removed by a centrifuge, to realize that when bound together by the lubricating oil 
film, it would form a most undesirable grinding paste. 

He would like to inquire whether the lubricating oil also was centrifuged, either 
before issue to the vehicle or by batch treatment during service. 


Mr. C. I. Kewty recalled the old saying ‘““ What you gain on the swings you can lose 
on the roundabouts,’ in view of the surprise expressed by some people concerning Mr. 
Whalley’s low figure for cylinder wear—namely one-thousandth part of an inch every 
20,000 miles. It was rather applicable to the point under discussion, for if Mr. 


xX 
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Whalley’s bus engines experienced so little liner wear—and that was quite believable— 
then one might presume that something else was taking the wear, possibly the piston 
rings. The answer might be that piston-ring wear and piston-ring replacement 
charges might be higher with those 900/950 Brinnell liners which experienced so little 
wear themselves. Would Mr. Whalley please clarify the issue by submitting figures 
on those points and letting them know the effects on oil-consumption, if any ? 


Mr. WHALLEY, in replying to the comments of Mr. Rowlands and Mr. Wilford, 
said that Manchester experienced trouble both with knocking and sludging in the 
creosote engine. Castor oil was tried as a lubricant and also a special mineral oil, 
but the vehicle was more often off the road than on, and the experiment was abandoned 
after 12 months. 

Producer gas was under consideration, but no actual step had so far been taken to 
equip a vehicle. 

With regard to the “ Erren”’ engine, Mr. Whalley had seen an oil engine working 
the previous week on this system, and it appeared quite satisfactory. Under certain 
conditions it was claimed that a thermal efficiency of 41 per cent. was obtainable. 

With regard to the figures for cylinder wear, these were not unusual in Manchester, 
and could be verified by anyone who cared toinspect the records. It must be admitted, 
however, that no attempt was made to reach phenomenal oil-consumption figures, 
a medium-priced oil of the lowest possible viscosity consistent with safety being used, 
it being considered better to sacrifice a little lubricating oil to ensure that the mechanical 
parts reached as good a mileage as possible before overhaul. 

The use of the centrifuge ensures as far as possible that only clear fuel oil is put into 
the bus tanks. 

An experiment was made at one garage, where the use of the centrifuge was dis- 
continued for a month. 

Much trouble was subsequently experienced with the fuel-feed system of the buses 
at this depot, mileage being lost for defective autovacs. This convinced them that cen- 
trifuging was worth while; furthermore, the machine acted as a check on the oil sup- 
pliers, the gravity setting being very sensitive, and change in the specific gravity of 
the fuel being shown up immediately. 

In reply to Mr, Wilford, the table of Fuel Pump Settings was based on 250 revolutions 
at 600 r.p.m. tested on a C.A.V. Bosch Motor-driven Machine. 

With regard to Dr. Redgrove’s remarks, the lubricating oil was not centrifuged, 
but the crankshaft drainings were returned to the suppliers, streamlined and re- 
blended with new stock to bring the viscosity in line with new oil. 
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SERVICE TESTS WITH LUBRICANTS FOR HIGH- 
SPEED OIL ENGINES.* 
By A. T. Wiirorp,f B.Sc., A.R.C.S., A.LC., M.Inst.P. 


SuMMARY. 


An account is given of certain lubricating-oil tests carried out by the 
London Passenger Transport Board during the past seven years, covering 
a period of intensive development in the application of oil engines to passenger 
vehicles. Steps leading to the drafting of a first specification for lubricating 
oil for this type of engine are described, and data are quoted pointing to a 
close relationship between hard asphalt produced in an oil during use and that 
generated in an oxidation test of the Air Board type. 

Reference is made to investigations involving determination of the 
optimum periodicity of oil changes, the efficiency of a flushing oil for 
cleaning engine-bases, and the useful life of engine-oil by-pass filters. 

Results of tests with solvent-refined oils are summarized. It was estab- 
lished that, compared with the lubricant originally standardized in 1932, 
oils complying with the specification quoted in Appendix II increased engine 
mileage by 11 per cent., reduced oil consumption by nearly 7 per cent., 
reduced cylinder wear by 13-5 per cent., and decreased engine failures due 
to seizures and bearings by 60 per cent. The oil has been adopted despite its 
much higher cost, it being estimated that there will be a net yearly economy 
of a few thousand pounds. Experience to date indicates that engines are in a 
cleaner condition internally than was previously the case, and although 
“ lacquering ” has been observed, no trouble attributable to it has been 
encountered, 


INTRODUCTORY. 


THE introduction of high-speed oil engines for passenger-transport 
vehicles raised a number of problems which could not be solved by drawing 
an analogy with the petrol engines which they were displacing. One of 
these problems was that of the lubricating oil, involving not only a decision 
as to the most suitable type, but also a train of subsidiary investigations. 
The opinion has been freely expressed that the C.I. engine demands a 
better grade of oil than that used for petrol engines, on the grounds that the 
lubricant is continuously subjected to an oxidizing atmosphere, in contrast 
with the relatively reducing conditions encountered in the petrol engine. 
This may be true enough, but the adverse effects of oxidation are to some 
extent neutralized by the lower temperature of the oil-engine cycle, and it 
is the author’s opinion, and also his experience, that the main incentive 
to the use of a relatively high-grade oil arose in the first instance from a 
very justifiable determination to ensure that the suitability of the lubricant 
should not be called into question every time engine troubles were en- 
countered. This “ safety-first ’ policy has proved to be a correct one in 
so far as the London Passenger Transport Board is concerned, in that, 
whereas the lubricant has come under suspicion more than once, a general 
change in grade has never been made without prolonged investigation. 

Unlike a fuel, the suitability of a lubricating oil cannot be finally 
determined by engine-bench tests, since it is difficult, if not impossible, to 
reproduce the varying factors of load and speed, weather conditions, 

* Paper presented for discussion at the Afternoon Session, 23rd May, at the Summer 
Meeting of the Institute of Petroleum held in Birmingham, 22-24th May, 1939. 
t London Passenger Transport Board. 
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deterioration of both engine and lubricant between docking periods, and the 
effects of extended engine life, which are encountered on the road. Recourse 
must therefore be made to service tests, conducted under properly controlled 
conditions and employing a representative number of vehicles. It is the 
purpose of this contribution to give an account of the more important 
work of this nature carried out during the past seven years, which covers a 
period of continuous expansion in the numbers of oil-engined vehicles 
operated by the Board. Reference will also be made to certain subsidiary 
investigations bearing upon lubrication problems. ' 


EXPERIMENT PROCEDURE. 


It may be of interest at the onset to describe the procedure employed 
in carrying out tests under service conditions; the principles apply not 
only to experiments with lubricating oils, but to all investigations involving 
the observation of engines and vehicles over a lengthy period. Sanction 
to commence an experiment must first be obtained from a Technical 
Committee which sits monthly; the experiment may be originated by the 
Committee itself or arise as a recommendation from a Sub-Committee. 
Following approval by the Chief Engineer, an Experiment Procedure 
Sheet is prepared. This is a carefully drafted document specifying the 
number and type of vehicle involved, and setting out in precise terms the 
action required by the various sections co-operating. The Procedure 
Sheet also describes briefly the purpose of the experiment, the manner in 
which the costs are to be allocated, and embodies a note of any special 
information required to be communicated verbatim to the garage or 
garages concerned. An experiment seldom covers less than six vehicles in 
its initial stages, and is extended as circumstances dictate. Data in respect 
of mileage performed and oil and fuel consumption are collected weekly ; 
samples of used oil, where required, are taken at regular intervals; 
inspectors are detailed to watch the progress of the experiment, and the 
units concerned are submitted to a full examination at the end of their 
service life. To ensure that the latter are not lost sight of at this or any 
other stage, vehicles bearing experimental features carry a special card, 
whilst the units involved are identified by means of metal labels. Finally, a 
report is compiled, the recommendations being made effective following 
consideration by the authorizing Committee and subsequent approval. 
Experimental work as a whole is directed by the Technical Officer, but 
certain items, amongst which are lubricants, are handled completely or in 
part by the laboratory, close co-operation being maintained with the 
Technical Section. 


LUBRICATING Ort SPECIFICATIONS. 


The main purpose of a lubricating oil test is, of course, to determine the 
suitability of the material. In the event of a positive result being obtained, 
the next step is to prepare a specification, and this may necessitate further 
experimental work. 

The desirability or otherwise of compiling rigid specifications is a matter 
of controversy, and it is probably true to say that suppliers as a whole are 
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averse to them. The large user takes the opposite standpoint, and there 
js a continued urge from purchasing departments to cover as many items as 
possible by specifications, which preferably should be more than a descrip- 
tion of the performance required. For a concern of the Board’s magnitude 
it is essential to be able to take lubricating oil from a number of sources of 
supply, and from the point of view of standardization, as well as purchasing, 
it is equally necessary that the oils shall comply with specifications. The 
alternative is to approve branded oils; this course is open to the objection 
of having to carry out protracted service tests on a number of lubricants, 
not only once, but every time the character of the oils is changed. It has 
been contended that a rigid specification precludes full advantage being 
taken of improvements introduced by the suppliers. It is the Board’s 
experience, however, that suppliers are not slow in calling attention to 
advances considered likely to be of benefit, and in such circumstances 
service tests are carried out, the results of which have a mutual value. It 
is possible that the time is approaching—the author has in mind the 
increasing use of “ doped ” oils—when it may be difficult for a user fully to 
describe his requirements by means of specifications of the present type 
and co-operation of suppliers would be welcomed to assist in revision, where 
necessary. It is appreciated that there may be difficulties in complying 
with this suggestion, in which case users will have to devise means for 
maintaining their position both in respect of access to variety in sources 
of supply and ability to invite proper competition in purchasing. 


Service Tests LEapInG TO First SpecrricaTion For C.J. ENGINE 
LUBRICATING OIL. 


The first oil engines placed in service were lubricated with an oil which 
has proved to be quite suitable for petrol engines, and which possessed a 
viscosity of 210-225 seconds at 140° F. It was soon apparent that, due to 
accumulation of suspended matter, the oil thickened to an undesirable 
degree, and recourse was had to one of lower viscosity (150-170 seconds 
at 140° F.), which was employed at the works for first filling of engines 
following overhaul. Further observations showed that this oil became 
contaminated with “carbon” at the rate of about 1 per cent. per 1,000 
miles, whilst oxidation was rather marked, up to 0-9 per cent. of hard 
asphalt being found after a few thousand miles in service. Although it was 
improbable that bearing failures being experienced at the time were 
attributable to the lubricant, it was considered desirable, on the “ safety- 
first ’’ grounds already mentioned, to commence an investigation with the 
view of standardizing a better grade of oil, so that one variable at least 
might be eliminated. 

It is of interest to record the wide range of oils which were put forward 
from various sources during 1931-1932 as being the most suitable for 
A.E.C.-type oil engines. Specific gravities ranged from 0-878 to 0-932, 
although only one oil was above 0-916, whilst viscosities at 140° F. varied 
from 95 secs. to 330 secs., no less than twenty oils having a viscosity of 
over 180 secs. Our early experience had shown that an oil of 210 secs. 
viscosity was too thick, and even when, due to improvements in engine 
design, the rate of accumulation of carbon was much reduced, it was again 
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established that no advantage was to be gained by the use of an oil of this 
viscosity, or by one of about 190 secs. at 140° F. The viscosity range 
finally chosen was 160-175 secs., and has been maintained up to the present 
time. It may be remarked in passing that the engine with which we were 
dealing was of the air-cell type, and in consequence there was no dilution of 
the lubricating oil with fuel. 

For the purpose of the service tests six oils were selected, one being that 
already in use; a second complied with the same specification, but was 
obtained from a different source, whilst the remaining four were of 
distinctly higher grade; certain of their characteristics are given in 
Table I. 


Taste I, 
Characteristics of Oils Tested. 

















Code letter of oil |} a | B | c | D | E | F 
— gravity at 60°F. . 0-918} 0-884 0-906 0-896 0-900 0-919. 
Closed flash point, ° F. 1425 =| 425 405 415 395 385 
Viscosity (Redwood) : 
Viscosity at 140° F.—secs.| 165-5 | 164 | 167 168-5 165 160 
Viscosity at 200° F.—secs.| 595 | 63 | 61 63 59-5 1 58 
Pour point, ° F. ‘ Below 15 
Initial coke value, % , 0-37 ; O57 ; 0-28 0-52 0-33 0-26 


Increase in coke value after | 


oxidation, % ° . 1-84 1-68 0-89 1-12 0-92 1-32 
Asphalt after oxidation, % 4-25 1-77 2-01 1-46 1-24 3-05 
Ratio viscosity at 140° F. 

after/before oxidation . 2-26 1-93 1-73 1-79 1-68 2-21 














Each oil was used in thirty engines for a period of four weeks, the complete 
test thus lasting for nearly six months. Tests carried out in recent years 
have generally occupied a much longer period, but at the time there was an 
incentive to arrive at some conclusion with the minimum of delay. A 
record was kept of engine failures during each four weeks test, and three 
engines were earmarked for special examination both prior to and following 
the use of a particular oil; of necessity, however, considerable reliance 
had to be placed on the condition of the oils after use, and in this connection 
some one hundred and eighty samples were examined. 

Over the limited period during which each oil was in use only one of the 
six appeared to react adversely on engine life, this being one of the two 
lower-grade lubricants involved (Oil “ F”—Table 1). In the circum- 
stances existing, the data would not have been regarded as conclusive had 
it not been for the fact that this oil also exhibited a greater degree of 
deterioration during use than did the remaining five, although in this 
respect it was closely followed by the other lubricant of the same specifica- 
tion—(Oil “‘A’”’). On the other hand, the most expensive oil tested 
(Oil “ B ”’), did not show to any advantage over the other three improved- 
quality oils, there being little to choose between the four in respect of 
performance or condition after use. Examination of the used oils revealed 
one point of considerable interest, in that a quite good relationship was 
found to exist between the amount of hard asphalt generated during use 
and that produced by an Air-Board oxidation test on the corresponding 
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fresh oil; this is shown graphically in Fig. 1. Considering that the asphalt 
figures were derived from samples of used oils taken from a number of 
engines, and that average oil consumption was not the same in each test, 
it must be conceded that a laboratory oxidation test has some value. This 
at least was the author’s conclusion, and when drafting a specification based 
on the results of the investigation, it was reasonable to include an oxidation 
test, the fixing of a maximum limit on the hard asphalt content of the 
oxidized oil being, it is believed, novel at the time. 
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The specification is given in Appendix I. That it was on the right lines 
may be taken as proved by the fact that oils complying with it were used in 
the C.I. engines operated by the Board for a period of over six years, whilst 
a similar oil has been used in A.E.C.-type engines in various localities. 
It was not, however, in any sense regarded as the last word, and prior to 
the introduction of oils refined by the solvent-extraction process, service 
tests were carried out with various lubricants which were claimed to 
possess advantages in respect either of improving engine life or of cheapness, 
without detriment to engine life. The results of these tests did not lead 
to any modification of the specification, and in one instance there was 
definite evidence that any marked relaxation would have been a retrograde 
step. The oil in question possessed the following characteristics as com- 
pared with the specification then in force. 


Experimental Specification. 





Oil. 
Viscosity at 140° F. ‘ , ; ~ 135 secs. 160-175 secs. 
- — aoe we , , , on - « 60 secs. min. 
Asphalt after oxidation | Up to 33% 2-2% maximum 
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The service test involved six newly overhauled engines, the usual precau. 
tions being taken to ensure that they were filled and topped up only with 
the experimental oil. Samples of the used oil were taken at regular 
intervals, and on removal the engines were examined in respect of cylinder 
wear and general condition. The used oils were found to contain much 
higher amounts of suspended matter than was normally encountered with 
the standard oil. A further abnormality of the used oils was the presence 
of a small amount of diluent, this being quite exceptional with the type of 
engine concerned; it was suspected that the “diluent” was in reality 
evidence of a breakdown of the oil. Five of the engines failed for various 
reasons at mileages considerably below those ordinarily obtained, the 
diminution in life being equivalent to about 35 per cent.; cylinder wear 
at this stage was of the same order as that usually found after a normal 
service life. The ultimate life of the sixth engine was not observed, since 
the test results as a whole were sufficiently conclusive. 

Quite recently, and as the result of investigations extending over nearly 
three years, the Board has adopted a solvent-refined oil as the standard 
lubricant for high-speed oil engines, but before describing the various steps 
which have led up to this change, it may be of interest to give an account of 
certain ancillary work in connection with lubricating oils and which 
chronologically fall within the period during which the oil, first standardized 
in 1932, was in use. 


“ 


MAINTENANCE PROBLEMS ASSOCIATED WITH ENGINE LUBRICATING Ott. 


Oil Changes. 


The system of vehicle maintenance adopted by the Board provides for 
docking at garages at regular intervals based on mileage. Midway between 
two consecutive docks the vehicles receive an intermediate dock, and the 
various operations which must be carried out on each of these occasions are 
covered by schedule. 

When oil-engined vehicles were first placed in service, the docking period 
was 8000 miles, the engine lubricating oil being drained and bases refilled 
with fresh oil every 4000 miles. With improvements in engine design and 
maintenance it was found possible to increase the period between full docks 
to 12,000 miles, and in the case of indirect-injection engines, oil changes 
were extended to this interval also. In respect of the few experimental 
direct-injection engines in use from time to time, the periodicity of oil 
changes was, after investigation, fixed at 6000 miles, and it is only recently 
that it has been considered wise to alter this ruling. 

A mild epidemic of failures amongst the standard type of engines attri- 
butable to choked oilways, and accompanied by a marked thickening of the 
lubricating oil, led, amongst other things, to a reconsideration of the policy 
of changing the oil so infrequently. It is typical of experience in the 
development of oil engines that these failures were by no means general, and 
that the individual measures taken to overcome them seemed inadequate, 

and yet were successful. The truth of the matter is that when troubles 
are encountered in service, circumstances do not permit a systematic 
investigation of the effects of one remedy after another. All possible 
remedies are applied at the same time, and when the desired result has been 
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achieved, any that can be proved to be superfluous are discontinued. One 
of the steps taken in the particular instance under discussion was to 
institute a system of oil changes after each 6000 miles at the garages where 
sludging of the lubricating oil was most prevalent. 

Examination of these thickened oils showed them to possess the peculiar 
property of increasing in apparent viscosity when heated—the effects being 
actually observed at about 140° F. Samples of the oil in circulation taken 
at regular intervals over a period indicated that a “ carbon” content of 
8 per cent. was critical, and that an engine seizure was very probable if as 
much as 10 per cent. of “ carbon” was in suspension. (It may be men- 
tioned that throughout this paper the term “ carbon ” is used to denote 
suspended organic matter insoluble in pure benzene.) Data were also 
obtained in respect of the condition of the used oils in a number of engines 
after performing their first 6000 and 12,000 miles, respectively, two sets of 
conditions being studied, one in which the oil was changed at the lower 
mileage, whilst in the other the oil was used for the full dock period. It was 
found that, whereas the amount of “ carbon ”’ in the oil at 12,000 miles was 
often higher than that present at 6000 miles, even if the oil had been 
changed at the intermediate period, there was a marked reduction in ash 
content relative to “‘ carbon ” present as compared with oils which had been 
in use for the full dock period. This result indicated that contamination of 
the oil with inorganic matter occurred at a greater rate during the first 
6000 miles of engine life than in subsequent periods, a conclusion which 
might, in fact, be anticipated. On this basis an initial oil change at 6000 
miles was considered likely to be beneficial, since the inorganic matter must 
be regarded as having some influence on engine wear. It was, of course, 
also evident that organic suspended matter removed with the oil when 
draining bases after 6000 miles must reduce the total contamination of the 
oil during the next 6000 miles. That the benefits of this were not always 
apparent is mainly attributable to the fact that it is impossible to empty 
the base completely, with the result that the second charge of fresh oil 
starts its life already appreciably contaminated. 

It was finally decided to standardize on an initial oil change after the 
first 6000 miles, the oil being again changed at 12,000 miles and subse- 
quently at full docks only. Oil changes after each 6000 miles were con- 
tinued for a time at certain garages, but it was not possible to prove that 
any increase in engine life was obtained thereby. 


Cleaning of Engine Bases. 


The observation that the fresh oil was immediately contaminated by 
dirty oil remaining in the bases after draining led to further investigation. 
An extreme example of the extent of this contamination is illustrated in 
Fig. 2, which shows the “ carbon ’’ content of the used oil from an experi- 
mental type of direct-injection engine at intervals of about 1000 miles from 
5000-27,000 miles, when a seizure occurred. The three marked decreases 
in contamination correspond with oil changes. It will be observed, 
however, that not only did the fresh oil start its life in an appreciably dirty 
condition, but that the adverse effects of oil left in the base were greater 
at the second and third than at the first oil change. The few instances 
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in which there was a slight decrease in contamination instead of an expected 
increase were undoubtedly due to inaccuracies in sampling, and do not 
affect the argument. 

The progressive contamination of the oil was, of course, very much less 
in the case of the standard engines, but it was felt that some benefit might 
result from an endeavour to give the fresh oil a clean start. The most 
positive method was to drop the bases, and this was tried for a time, but 
was eventually discontinued for a number of reasons, amongst which was 
the considerable increase in labour involved. Another line of approach 
was to use a flushing oil. The method employed was to drain out the 
dirty oil while the engine was still hot, and to fill up with an equivalent 
quantity of the flushing oil. The engine was then allowed to idle quietly 
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for from 2 to 3 mins., following which the oil was again run out, carrying 
the sludge with it. The efficiency of this treatment was studied in a 
quantitative manner. 

The way in which this was done is illustrated by the data in Tables IT and 
III. In each case the figures in column (a) relate to the suspended 
“ carbon ” in the used oil drained from the engine bases at first semi-dock. 
Column (5) shows the “ carbon ” content of the oil in the same engines a few 
days afterwards. The figures given in the last column represent the 
proportion of “ carbon” in the fresh oil attributable to its having been 
contaminated with dirty oil remaining after draining; the percentages are 
calculated from a knowledge of the rate of contamination of the oil during 
the semi-dock period, it being reasonably assumed that this rate held good 
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over the subsequent seven days. It will be appreciated that it was 
necessary to employ new or newly overhauled engines in this investigation, 
so that the data in the two tables refer to two different groups of engines, 
all, however, being of the same type. Table II concerns the group of 
engines, bases of which were drained at intermediate dock in the normal 
manner, while Table III refers to the engines submitted to the flushing oil 
treatment. From a comparison of the figures in the last column of each 
table, it is evident that no benefit was derived from the use of the flushing 
oil sufficient to justify its adoption as a normal maintenance procedure. 














Taste II. 
(a) | — (b) | . , 
“ Carbon ” in Period “Carbon” | Proportion of 
E l vy F after | rr | “Carbon” in (6) 
‘ngine. Used Oil when Draini in Used la C. } 
Drained raining, Oil | due to : ontamina- 
° days 4 | tion with (a), ® 
2 .~* 0 | » #0 
oO j 
l 1-68 6 1-13 78 
2 2-02 5 2-16 89 
3 1-47 4 0-83 83 
4 1-46 l 0-67 94 
5 1-70 6 2-25 90 
Taste III, 
(a) — (b) | : 
“ Carbon” in | Period a | Proportion of 
E . F after : | “Carbon” in (6) 
‘ngine. | Used Oil when in Used | . : 
Deained Draining, Oil | due to Contamina- 
a days. a | tion with (a), % 
o 0 
6 2-84 7 1-80 74 
7 2-11 7 1-31 61 
s 2-54 7 1-44 65 
9 1-25 7 0-98 | 79 
10 1-61 7 3-07 90 
ll 1-75 7 1-17 70 





No further action has been taken in regard to more effective draining of 
bases. A combination of factors, amongst which may be included improve- 
ments in design of injectors, improved methods of maintenance, and a 
change in grade of lubricating oil, have resulted in the complete elimina- 
tion of sludging trouble, and at the present time the amount of “ carbon ” 
in oil drained at intermediate or full docks averages less than 1-5 per cent. 


Cleaning of Filters. 


A further point investigated in connection with contamination of the 
lubricating oil was the periodicity of cleaning external by-pass filters which 
are fitted to all the later types of oil engines. ‘The filters were at one time of 
the wrapped-felt type, but the present design is a well-known commercial 
model, consisting of felt stretched over a wire frame of star-shaped cross 
section. The filters are cleaned by withdrawing from the housing and 
carefully scraping the collected sludge from the grooves; they are then 
washed in paraffin, and after soaking in clean engine oil, are refitted. 
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At the time the matter was being looked into, the filters were removed 
after each 12,000 miles, and quantitative tests were made to ascertain 
whether this period was a reasonable one. The work was carried out with 
fifteen engines, the filters being removed after periods of from three days to 
fifteen weeks, a total of forty-four being examined. On withdrawal the 
filters were immediately placed in specially provided metal containers, and 
were forwarded to the laboratory, where they were allowed to remain 
untouched for a week, so that oil, as distinct from adherent oily sludge, 
could drain away. The filters were then removed and the sludge was 
scraped off as completely as possible and weighed. The results are shown 
in chart form in Fig. 3, from which it is clear that the filters were for all 
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practical purposes inoperative after six weeks in service. Although a 
case might have been argued for cleaning the filters once a fortnight, it was 
necessary to compromise at six weeks—i.e., at each semi-dock. Cleaning 
at more frequent intervals would have interfered with normal maintenance 
schedules, and to justify this it would have been necessary to demonstrate 
that the proposal would effect a measurable improvement in engine life. 
Experience indicated that it would be extremely difficult to obtain a 
conclusive proof, and the truth of this statement will be appreciated when 
the concluding section of this paper has been read. It is of interest to 
observe that during six weeks the filters were found to collect nearly 600 
grams of oily sludge, and since this contained approximately 25 per cent. of 
solid suspended matter, no less than 5} ozs. of this material was taken out 
of the oil circulating in the engine. 

The investigation is at present in the course of being repeated, with the 
view of determining whether the adoption of a solvent refined oil, together 
with other improvements, justifies any change in procedure. So far only 
nine filters have been examined, and the data are necessarily incomplete ; 
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nevertheless, the tendency shown in Fig. 4 is sufficiently marked to warrant 
inclusion in this paper. The results appear to indicate that the filters are 
not choked even after fourteen weeks use. It is open to argument that 
this apparently better condition of the by-pass filter when dealing with a 
solvent-refined oil is in reality due to its inability to retain the “ carbon ” 
particles, which, for reasons as yet undetermined, are in a much finer state 
of division than was found with the oil previously in use. Whilst this may 
be true, any decrease in retentive power of the filter is not reflected in an 
increase in the “ carbon ” content of the used lubricating oil, the tendency 
being as already mentioned in the reverse direction. 
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Service TESTS WITH SOLVENT-EXTRACTED OILS. 


Service tests with an engine oil refined by a solvent-extraction process 
were commenced in 1935, and were continued until the middle of last year, 
when this class of oil was finally adopted for the whole of the Board’s oil- 
engined fleet. As compared with oils conforming to the specification 
quoted in Appendix I, the solvent oil, when first brought to our notice, 
was two and a half times the more expensive. Although very considerable 
reductions in price have since been obtained, the new grade of oil is still 
much more costly than anything we have hitherto used for engine lubrica- 
tion. It will be appreciated that very careful investigations were necessary 
before a substantial increase in the lubricating-oil bill could be justified, it 
being essential to prove that a net economy could be effected. 

The first test was carried out on three engines only, and yielded a most 
striking result, which was not, however, repeated to the same degree in 
subsequent large-scale tests; nevertheless, there are at present indications 
that the considerable improvement in engine life initially obtained may not, 
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after all, have been so far from the mark. The three vehicles concerned jp 
the test were run in comparison with another three, all six being fitted with 
new engines of the indirect-injection type. The recognized period for gj 
changes at the time was 12,000 miles, but in a somewhat injustifiable 
attempt to compensate a little for the high cost of the solvent oil, instruc. 
tions were given that the latter should not be changed at the normal period, 
the intention being to determine a suitable mileage from examination of 
samples of used oil. Unfortunately, there was some lag in obtaining the 
necessary data, with the result that one of the engines had to be removed on 
account of bearing failure. The engine had, however, performed nearly 
36,000 miles without an oil change, whereas the three comparison engines 
using the then standard oil had already been removed due to heavy 
oil consumption, in one instance accompanied by a bearing failure, after an 
average life of under 22,000 miles. The remaining two engines using the 
solvent oil continued in service until they had each performed over 60,000 
miles ; the oil was changed at 36,000 miles, and thereafter at each succeeding 
12,000 miles. Examination of samples of used oils from the engines using 
the special lubricant did not reveal any particular decrease in suspended 
“carbon ’’; the proportion of hard asphalt was, however, much lower than 
that found in the standard oil after use. 

The results of the initial test were regarded as so encouraging that 
arrangements were made for a large-scale test to be conducted at five 
garages, some of which were operating oil engines exclusively. The 
performance obtained was apparently very satisfactory, and a strong 
feeling developed in favour of the solvent oil. The heavy increase in 
lubricating-oil costs led, however, to a close review of the position, and it 
was disclosed that various other factors might have, and in certain instances 
had, contributed to the improvement in engine life obtained. At one 
garage, for example, the introduction of the solvent oil was found to have 
coincided with the overhauling of a large proportion of the engines, the 
engine position being further improved by transfers of new production 
vehicles from other garages. In two other instances there was evidence 
that an improvement in oil consumption was at least partly due to the 
presence of batches of engines which exhibited the peculiarity of com- 
mencing life with a quite high consumption of lubricating oil, the miles per 
gallon figure rising until it reached a normal value after about 12,000 miles, 
following which low consumption was maintained for a considerable period. 
There was also reason for suggesting that the benefit attributed to the 
solvent oil might have been due to a recently introduced reduction in oil 
pressure, since it had been demonstrated that this had resulted in an 
improvement in engine life even when the standard oil was used. If the 
outstanding performance shown by the solvent oil in the original tests had 
been immediately evident, the various disturbing factors, of which those 
quoted are only examples, would not have mattered very much; in the 
circumstances, however, the issue was confused. 

It may be asked why this situation should be allowed to arise. The 
answer is that to minimize periodic depletions of garage fleets due to 


incidence of overhauls, it is necessary that the fleets shall be composed of 


vehicles and engines of various ages ; new engines, embodying modifications 
regarded as likely to be beneficial, are therefore usually spread over a 
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number of garages. It was found possible to depart from this principle at 
one garage, whilst at another the principle could not be applied to a propor- 
tion of the fleet which comprised vehicles with bodies specially designed for 
operation through the Blackwall tunnel. It was decided, therefore, to 
confine further experiments with the solvent oil to these two garages. At 
the one where the whole fleet was involved, solvent oil has been used 
exclusively since oil engines were introduced there, a period of three years. 
The engines have throughout given a particularly good mileage, and, 
compared with an adjacent garage at which the alternative oil was in use, it 
was possible to show that the solvent-refined lubricant was some 18 per 
cent. the more economical, the comparison being made on the basis of oil 
costs plus engine overhaul costs per 1000 miles. 

As a result of the continued satisfactory performance of the new oil at 
the two garages mentioned, the restriction imposed on more extended 
experiments did not last long, further tests being commenced at five 
carefully selected garages (two in the London area and three in the Board’s 
Country area). On this occasion, however, the oil was purchased to a speci- 
fication, enabling supplies to be obtained from four distinct sources. This 
specification, which is the current one for high-speed oil engines, is given in 
Appendix IT. 

The position was again carefully surveyed after a year, a detailed com- 
parison being made with the performance of the standard oil at garages 
selected so as to provide as close a similitude as possible in respect of 
operating and other conditions. The following points were established :— 


(a) Mileage obtained from engines using solvent oils was 11 per cent. 
higher than that from engines using the then standard oil. 

(6) The use of solvent oils reduced lubricating oil consumption by 
nearly 7 per cent. 

(c) There was a reduction of 13-5 per cent. in cylinder wear per 
1000 miles in engines lubricated with solvent oils. 

(d) The proportion of engine failures due to seizures and bearings 
was 60 per cent. less than the normal at garages using solvent oils. 

(e) The proportion of engines removed due to cylinder and piston 
wear and on account of noise was about the same for the two types of 
oils. 

(f) The proportion of engine failures due to breakages, such as 
timing chains and camshafts, was nearly twice as great as normal at 
garages using solvent oils. 

(g) Compared with the then standard oil, solvent oil after use 
exhibited a slight reduction in suspended “ carbon,” its ash content 
was at least 15 per cent. lower, whilst the proportion of hard asphalt 
was reduced by three-quarters. 


(In respect of the relatively poor showing of the solvent oil under items 
(e) and (f) it may be remarked that the total number of failures due to the 
causes mentioned was not great, whilst the higher mileage given by the 
engines using the special lubricant must also be taken into account.) 

The results of the extended tests taken as a whole were not so markedly 
in favour of the solvent oil as were those derived from the single garage at 
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which it had been used longest, and to which reference has already been 
made. Nevertheless, it was possible to arrive at the definite conclusion 
that, despite its much higher price, a solvent-refined oil of the type called 
for by the Specification given in Appendix IT could be used without any fear 
of increasing running costs, whilst there was the probability of a net economy 
of a few thousand pounds yearly being realized, due to the improved 
engine-life obtainable. The full effects of the subsequent decision to adopt 
this class of lubricant are not yet evident, but so far there is every reason for 
believing that the change has produced the anticipated benefits. 

An account of experience with solvent-refined oils for engine lubrication 
would not be complete without reference to “ lacquering,” a trouble which 
appears to have been encountered more particularly in the U.S.A. So far 
as the Board is concerned, a thin coating of “ lacquer ”’ has certainly been 
observed in a number of engines when dismantled. The coating is, 
however, very easily removed, and it is regarded as less objectionable than 
the heavy sludge with which engine parts were often found to be covered 
when the previous oil was in use; it is quite safe to say that there is at 
present no evidence of any harmful effects having resulted from the presence 
of “‘ lacquer.” As a whole the engines are in a much cleaner condition than 
they used to be, whilst the oil in circulation is also less contaminated with 
suspended solid matter. 

There is evidence, however, that the cleaner condition of the oil is not 
entirely due to the change in grade, and in the case of indirect-injection 
engines an improved design of injector has undoubtedly had a contributory 
effect. The influence of design is even more marked with the direct- 
injection engines now being placed in service, in that, although the quantity 
of lubricating oil used is much less, its condition, in respect of contamina- 
tion with “ carbon,” is much better than that of oil in the indirect-injection 
types. 

It is not suggested that the specification given in Appendix II represents 
the ideal lubricant for high-speed oil engines, and service tests with two 
alternatives are already in progress. One of these involves an oil with 
characteristics similar to those required by the specification, except that its 
viscosity is 130-140 seconds at 140° F., as compared with 160-175 seconds, 
which are the limits for the standard oil. This somewhat thinner lubricant 
has been in use at one garage for nearly eighteen months, and its per- 
formance appears to be equivalent to that given by the oil of normal 
viscosity. The thinner oil is not at present available at any appreciably 
reduced price, but it offers some attraction, in that it has also been used, 
without trouble developing, in pre-selective gear-boxes. There is thus the 
prospect of employing one oil for the two purposes, and an extension of the 
experiment is in contemplation. The other test in hand is with a “ doped ” 
oil which is claimed to eliminate piston-ring sticking, a remedy for which 
would effect a further improvement in engine life; the experiment has not 
yet reached a stage at which any opinion can be expressed regarding the 
efficacy of the oil. 

In conclusion, the author would express his thanks to the London 
Passenger Transport Board for granting permission to present this paper 
and for allowing full use to be made of the relevant experimental reports 
compiled in the Department of the Chief Engineer (Buses and Coaches). 
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APPENDIX I. 


LONDON PASSENGER TRANSPORT BOARD 
SPECIFICATION U.105 


for 


LusRIcaTING Orn For A.E.C. Type Orn ENGINE. 


Description.—To be a pure hydrocarbon oil, thoroughly filtered to 
remove all solid matter, and to be entirely free from water, dirt, fibrous 
particles or any other impurities. The cylinder oil used in the blend to be 
of the filtered variety. 

Free Acid.—The oil not to contain more than a trace of mineral acid, and 
organic acid not to exceed the equivalent of 0-01 grams KOH per 100 
grams of oil. 

" Specific Gravity.—Determined at 60° F.—not to be below 0-900 nor to 
exceed 0-910. 

Closed Flash Point.—Determined by Pensky-Marten or Gray Apparatus— 
not to be below 395° F. 

Viscosity.—Determined by Redwood No. 1 Standard Viscometer—not to 
be below 160 secs., not to exceed 175 secs. at 140° F., nor to be below 
60 secs. at 200° F. 

Asphalt.—Not to exceed 0-010 per cent. To be determined by the 
method described in the Appendix hereto. 

Ash.—Not to exceed 0-010 per cent. 

Cold Test—The pour point of the oil, as determined by the I.P.T. 
Method G.O.11 (Standard Methods, Ist Edition), not to exceed 15° F. 

Oxidation Test.—After blowing for 12 hrs., the viscosity of the oil at 
140° F. shall not be greater than 2-0 times the original viscosity at the 
same temperature. 

After blowing for 12 hrs. the asphalt content of the oil shall not exceed 
2-2 per cent. 

(The blowing is to be carried out in a manner similar to that required by 
the Air Board Oxidation Test, whilst asphalt in the oxidized oil is to be 
estimated by the method given in the Appendix hereto.) 

Method for Determination of Asphalt.—A suitable weight of the oil to be 
diluted with forty times its volume of light petroleum spirit, free from 
aromatic hydrocarbons, and completely distilling between 40°C. and 
60°C. The solution, after standing at least 18 hrs. in a stoppered bottle, 
in the dark, at room temperature, to be shaken and poured through a No. 40 
Whatman’s filter paper, and the paper washed with petroleum spirit, as 

specified above, until free from oil. The residue on the filter-paper then 
to be dissolved by pouring hot benzene (free from thiophene) through the 
filter paper, collecting the solution in a suitable weighed vessel, the vessel 
to be reweighed after evaporating off the solvent, and drying. 
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APPENDIX II. 


Lonpon PASSENGER TRANSPORT BoaRpD 
Sprctrication U.113 


for 


LuBRICATING Or FoR HicH-Sprep Heavy Om. ENGINEs. 


Description.—To be a pure hydrocarbon oil refined by the solvent. 
extraction process, thoroughly filtered to remove all solid matter, and to be 
entirely free from water, dirt, fibrous particles or any other impurities. 

Free Acid.—The oil not to contain more than a trace of mineral acid, 
and organic acid not to exceed the equivalent of 0-01 gram KOH per 
100 grams of oil. 

Closed Flash Point.—Determined by Pensky-Marten or Gray Apparatus— 
not to be below 400° F. 

Viscosity.—Determined by Redwood No. 1 Standard Viscometer—not 
to be below 160 secs. nor to exceed 175 secs. at 140° F., nor to be below 
61 secs. at 200° F. 

Hard Asphalt.—Not to exceed 0-005 per cent. To be determined by the 
method described in the Appendix hereto. 

Ash.—Not to exceed 0-005 per cent. 

Cold Test.—The pour point of the oil, as determined by the I.P.T. 
Method G.O.11 (Standard Methods Ist Edition), not to exceed 15° F. 

Initial Coke Value.—Determined by the Ramsbottom method—not to 
exceed 0-5 per cent. 

Oxidation Test.—After blowing for two successive periods of 6 hrs. at a 
temperature of 200° C. in a manner similar to that required by the Air 
Board Oxidation Test :— 

(a) The viscosity of the oil at 140° F. shall not be greater than 
1-5 times the original viscosity at the same temperature ; 
(6) The hard asphalt content of the oil shall not exceed 0-05 per 
cent. when determined by the method given in the Appendix hereto; 
(c) The increase in coke value of the oil shall not exceed 0-7 per cent. 
Method for Determination of Asphalt-—See Appendix I. 
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THE LUBRICATION OF THE MODERN 
COMMERCIAL VEHICLE CHASSIS.* 


By F. C. Wuirexovse.t 


Synopsis. 


Development of the light, fast commercial vehicle—Small appreciation 
of the problems involved in maintenance or operation—Power unit lubrication 
—* Sludging ’’—Difficulties in maintaining efficient working temperature— 
Temperature control devices—Venting of crankcase to get rid of burnt gas— 
Development of filters—Forced feed lubrication—Necessity for the correct 
grading of oils—Standardization of oils. 


Ir would perhaps be well, at the very outset, to state that this paper 
does not presume to do more than point out how the trend of the design of 
the modern commercial vehicle has brought into prominence the question 
of lubrication, and the fact that if progress is to be maintained at the same 
rate as during the last few years, the engineer will have to enlist the aid 
of the oil technologist to an even greater extent than formerly. 


DEVELOPMENT OF THE COMMERCIAL VEHICLE. 


Up to about ten years ago the commercial vehicle was progressing along 
certain well-defined lines, and, as far as one could judge at the time, the 
tendency was to develop a machine which was exceptionally robust. 
Although the elimination of any undue weight was always in the forefront 
of all design, it was rarely attempted at the expense of a reduction of 
bearing areas. 

Then came the new regulations regarding the taxation of such vehicles, 
in which any vehicle weighing under 50 cwt. unladen could travel at a 
speed of 30 miles per hour—which is 50 per cent. faster than its bigger 
and heavier brother—and, in addition, has a lower taxation rate. This 
has resulted in the development of the light, fast vehicle, and although it 
would be foolish to hint that the heavier type of vehicle has ceased to exist, 
we think it can be stated that in a general sense the type of vehicle having 
two axles—which, incidentally, must under no circumstances exceed a 
gross laden weight of 12 tons—is now to a large extent confined to vehicles 
which come under the 50-cwt. unladen class. The heavier type of vehicle 
has developed in the direction of a multi-axle job carrying far greater 
gross loads. ‘ 

It is obvious that if a vehicle is to be made which is capable of carrying 
pay-loads of up to 5 or 6 tons at a nominal speed of 30 miles per hour, and 
which yet, complete with body, shall not exceed 50 cwt. in weight, only the 
barest necessities can be incorporated in the design. The intensely 
competitive aspect of the question, which precludes the adoption of any 
device which, through its complicated functioning, necessitating consider- 
able experimental work in its development, would have the effect of 
* Paper presented for discussion at the Afternoon Session, 23rd May, at the Summer 
Meeting of the Institute of Petroleum held in Birmingham, 22—24th May, 1939. 

+ Morris Commercial Cars Ltd. 
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increasing the selling price of the vehicle, will be left out of consideration, 
The low weight is obtained only by keeping all parts down to a minimum 
(consistent of course with the ability to stand up to service conditions), 
but this must have the effect of increasing the unit loads on the various 
moving parts. 

It is with this type of truck that it is proposed to deal, because it jg 
our contention that the difficulties surrounding the lubrication of al] 
commercial chassis are to a certain extent aggravated with this class of 
vehicle. To start with, the lower price of the machine has made its use 
far more universal, and has brought into the ranks of truck-operators 
large numbers of people using only one or two vehicles, and whose 
mechanical knowledge and appreciation of the importance of maintenance 
are most meagre. 

It may be urged that a degree of educational effort is here indicated, 
and with this point we are inclined to agree; indeed, efforts have been 
for years, and are still being made, in this direction by the firm with which 
the writer is connected. 

By means of instruction books, pamphlets, and lectures, an attempt 
has been made to impart some idea of the importance of maintenance, 
and although the results are to some extent gratifying, nevertheless progress 
is very slow. 


PREVENTION OF SLUDGING. 


Most of the troubles that are encountered in the field are concerned 
with the power unit, and a very large percentage of such cases can be directly 
or indirectly traced to lubrication. It need scarcely be stated that the 
bugbear of engine lubrication is sludging. This is so prevalent that it 
has come to be accepted as inevitable. Members of the Institute of 
Petroleum are far more competent to express an opinion on this point than 
we are as engineers, but it is certain that the attempts at its prevention 
that have been and are being made are many and various. Perhaps the 
point on which our attention is focussed is the retention of the engine at 
an efficient and suitable temperature. This is not so easy as it would 
appear. To start with, the chassis are turned out and distributed with, 
in the majority of cases, no knowledge of the conditions under which they 
will eventually have to work. It may be that of two exactly similar 
vehicles one will be used on long haulage, while the other is used for house- 
to-house coal delivery, under which latter circumstances the engine will 
never reach a desirable temperature. Then, of course, there is the usual 
temperature difference between winter and summer running conditions, 
all of which add to the difficulty of the designer in adopting a suitable 
mean rate of engine-cooling. It may be urged that this is an obvious 
case for engine-temperature control by means of some form of thermostat 
which short-circuits the water until such a temperature as is desired is 
reached. Well, that has been done, but no one would claim for it any 
more than an improvement with regard to the rate of erosion of the cylinder 
bores. 

Again, such a device as the one just mentioned leaves out of account the 
fact that the radiator under what may be called adverse conditions remains 
in an over-cool state, which means that any air passing through it also 
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remains cool. This is no great hardship so far as the radiator is concerned, 
but it does mean that a blast of cold air is impinging on to the timing-chain 
cover, With the result that if sludging takes place—and unfortunately 
this occurs in a very large number of cases—it is here that it is formed. 
Then, it may be asked, why not control the heat-flow from the radiator ? 
Everyone is familiar with the devices that have been used to accomplish 
this, as such were much in evidence some years ago on pleasure-cars, but 
as they are not so general now, it must be concluded that the control could 
scarcely have been so effective as was desired. In any case, the writer 
can scarcely see such an arrangement being satisfactory under the difficult 
conditions of truck operation, particularly when working in a sand-pit, 
stone-quarry, or on a building site. 

It might be suggested that if the blow past the pistons could be elimin- 
ated, much would be done to cut down the incidence of sludging. Greatly 
as this is to be desired it is as well to remember that the device of the 
piston ring is satisfactory so far as it goes, and an enormous amount of 
research is still going on to determine the correct material and also the 
optimum unit pressure which shall give the best compromise between 
wear and retention of pressure, but although much progress has been 
made in this direction, it cannot yet be definitely stated that no residue 
from the burnt gases escapes down the cylinder bores. Correct “‘ venting ” 
of the crank-case will reduce the ill effects of such “ blow past,” but it is a 
little difficult to see that anything else can be done than to allow the gases 
to escape, and in doing so to arrange that there are no dead areas where 
they can collect. The habit, which is general, of enclosing all the valve 
and tappet mechanism—this, incidentally, has been forced upon designers— 
by no means improves matters, as the amount of burnt gas that finds 
its way down the exhaust valve guides is considerable. 


DEVELOPMENT OF FILTERS. 


At present sludge is accepted as a necessary evil and various attempts 
are made to get rid of it. The straightforward method is obviously to 
filter it out. In nearly all cases this is accomplished by means of a filter 
on the pressure or delivery side of the pump, otherwise the filtering element 
would have to be so large in mesh that its efficiency would be impaired. 
These pressure-side filters are usually supplied with a by-pass valve, so 
that when the filtering element becomes choked—which can happen rather 
quickly when perhaps a mass of impurities which has collected on a certain 
spot comes down into the oil-stream—the valve opens and by-passes the 
oil. This is founded on the idea that it is better to have a quantity of 
dirty oil than no oil at all. Although every book, leaflet, and talk stresses 
the periodic cleansing of the filter, it is surprising the extent to which it is 
neglected. The writer has cases in mind where, after addressing meetings 
of operators and explaining what can happen if such filters are not attended 
to, the local distributors and dealers have been sold out of filtering elements 
by ten o’clock the next morning. It should be added that the filters in 
question were of a highly effective type, using a fabric which, after a time, 
had to be replaced. 

There are, of course, devices which, as it were, refine the oil by by- 
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passing small quantities through filtering material such as Fuller’s earth 
or some similar substance possessing adsorptive properties. Undoubtedly 
this is effective and satisfactory. There is, however, one drawback. The 
replenishment of the filtering or purifying cartridge every so often is an 
additional cost against the running of the engine, and the argument of 
the operator is obvious. If he is a one-truck operator he feels the loss, 
and if he owns a hundred, the replenishment of each cartridge, perhaps 
twice a year, increases the running expenses at the end of twelve months, 

These details have been put rather tiresomely before you because it does 
seem that the impression is present in the minds of oil technologists that 
sludging is a perfectly well understood phenomenon, and a trouble that 
is not likely to be eradicated, therefore the sooner the engineer and the 
operator realise this latter fact, the better. 

The engineer does appreciate that aspect of the question, but the operator 
is more likely to reply that, having bought the best oil (the best oil is always 
the particular brand he buys), any trouble that has arisen must be due to 
some fault in the supplier’s engine, and not to the oil he is using. 


GRADING OF OILs. 


Now let us consider another aspect of engine lubrication. It could be 
stated that for all practical purposes the system of lubrication that is 
adopted by the majority of makers to-day is of the forced type. 

With this system oil is forced to the main bearings of the crankshaft, and 
from there it usually passes via a hole in the crankshaft to the bottom end. 
The cam-shaft bearings are also lubricated under pressure. But, generally 
speaking, the part of the engine that requires as much oil as any is not 
supplied under pressure—i.e., the cylinder bores, which are usually oiled 
by the spray of oil which is flung from the bottom ends and the main 
bearings. However much oil may be flung on to the walls, every movement 
downwards of the piston-skirt removes the greater proportion, but leaves 
sufficient for the adequate lubrication of this portion of the piston. This 
remaining oil is scraped off the cylinder-walls, using the slotted-type 
scraper-ring for the purpose, leaving behind only the barest minimum to 
lubricate the top piston rings. As this amount is burnt off during the 
combustion of the charge, it may be said that when an engine is stopped, 
one or two at least of the bores are in a comparatively dry condition. It 
is essential, therefore, that when restarting the engine the oil shall be 
flung once again on to the cylinder bores in a minimum of time, otherwise 
much damage will result by scoring due to the pistons running tight. 
This is one of the reasons why, when starting from cold, the engine should 
be run at a moderate speed, in order to get the oil through the bearings 
quickly. Hence the reason why all engineers responsible for such a design 
would like an oil with as low viscosity as possible, so that it will reach 
every point in the engine in a minimum of time. Of course, with the 
heating up of the crank-case and its contents the viscosity becomes still 
lower, so that more oil passes through the bearings in unit time, and it is 
this latter quantity that the designer must arrange for his skirt and scraper 
ring to handle. Obviously, if the viscosity of the oil does not vary to any 
great degree through the range of temperatures to which the engines are 
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subjected, the parts under review can be designed with greater accuracy. 
Those of us engaged in the automobile industry are aware of the experi- 
mental work that has been carried out to obtain oils having as flat a viscosity 
curve as possible, and there is no doubt whatever that such results as have 
been obtained are greatly appreciated by those whose work brings them 
into contact with operators, but may a suggestion be made that the success 
so far attained be looked upon as just a happy augury for the future, when 
curves will be flatter still ? 

The above remarks refer, of course, to new engines, because when engines 
are not so new the trouble is aggravated. To start with, the bearings and 
shafts become worn, allowing a far greater amount of oil to pass through 
them. The quantity is considerable because in the case of the rear main 
bearing so much will sometimes pass through as to choke the oi! retainer, 
the inability of which to cope with such an amount will result in a leak. 
What is happening there is happening all along the engine, and the amount 
that is sent on to the bores is far too much for the pistons—which 
incidentally are worn also—to handle. The result is a high oil consumption. 
It is obvious that when this occurs the bearings should be taken up, but 
it is unfortunately the case that these finer points of cause and effect are 
lost on most of the owners with whom we have to deal. The fact which 
has to be faced by the supplier is that the actual mechanical condition of 
the unit, provided of course that it is still capable of doing its work satis- 
factorily, is of far less concern to the owner than the fact that he is spending 
more on oil than he used to do. If an oil of a higher viscosity could be 
recommended under such circumstances, the result would be advantageous 
toall. This can now be done, provided of course that one definitely names 
the oil that may be used—a proceeding that few makers would ever do, 
for fear of obvious repercussions. It would appear, therefore, that 
consideration could be given to what one might term the standardization 
of engine oils. By this is not meant that all oils should have the same 
constituents, as obviously that would put an end to all research and 
progress, but that there should be at the disposal of the engineer three or 
four grades of oil for use in the power unit, each having as flat a viscosity 
curve as possible, but differing in their viscosities. By this means the 
operator would be able to keep his oil consumption constant over a much 
longer period, instead of having to carry out repairs and adjustments of a 
mechanical nature before they are, from a purely functioning point of view, 
absolutely necessary. 


STANDARDIZATION OF OILS. 


While on the same subject, a certain amount of standardizing of oil 
specifications is at present indicated. Whilst this may be a very thorny 
subject and a matter on which one is not likely to meet with a ready 
response, nevertheless it may be pointed out that although there may be 
many difficulties in the way, it would not appear to an ordinary layman 
that they are any more numerous than those faced by the steel-makers 
when such a course was adopted throughout their industry. 

The power unit has been dealt with rather fully because the lubrication 
of the rest of the chassis does not appear to give the same amount of trouble. 
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There is no doubt that with the improvement in steels, such parts as the 
gear-box and rear axle have been considerably reduced in weight. This 
has resulted in high line pressures on gear-teeth. Considerable relief from 
undue wear on these parts has been obtained by the adoption of the high. 
pressure oils which have been developed, and which have proved so success. 
ful. At present we may be satisfied, but if and when the metallurgist gives 
us steels or bearing metals that have a higher tensile strength combined 
with surface hardness, still greater demands will be made on the oil 
technologist. 

In making these few remarks about the lubrication of the commercial] 
vehicle chassis, it certainly has not been the intention to give an impression 
that the engineer is insensible to the difficulties surrounding the problems 
facing the chemist and experimentalist who devote themselves to the 
subject of lubrication. The engineer is deeply appreciative of the progress 
that has been made, but he has the feeling that after attempting to get 
over the problems by mechanical devices, perhaps the better way is to ask 
for the further co-operation of the oil expert, in order that progress shall 
still continue, and at a rate that shall within a reasonable time bring about 
a better set of conditions. 
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THE AUTOMOBILE MANUFACTURER’S SELECTION 
OF LUBRICANTS.* 


By K. Brozyna.f 


SyNopsis, 


Engine Oils. Demands on and characteristics of suitable oils—Pre- 
liminary laboratory tests—Fallacy of working to specifications only— 
Importance of new methods of refining and Addition agents—Oil filters— 
Final selection of oils, running tests, effect of oils on the engine, etc., cold 
room tests. 

Gear-box Oils. Characteristics of suitable lubricants. 

Rear-Azle Lubricants. Extreme-pressure lubricants—Demands on, and 
characteristics of such lubricants—Attempts to correlate the results of 
laboratory scoring tests with those under road conditions—Torsion loaded 
gear-testing fixture—Selection of worm gear lubricants. 

Chassis Lubrication. Selection of semi-solid lubricants. 


As it is quite beyond the scope of this paper to do justice to all the problems 
that may arise in connection with the lubrication and selection of suitable 
lubricants for the various mechanisms in a motor-car, the author has 
attempted to give only a very brief outline of a number of basic facts and 
procedures that deserve to be mentioned. 

It could be stated that the chief concern of the motor-car manufacturer 
should be the efficient lubrication of the various units and points of the 
motor-car that require lubrication, but to achieve this the author considers 
that the maker must also take into consideration the many theoretical 
points that arise, have a fair knowledge of the advances made in lubrica- 
tion technique and the best way to arrange the conduct of his tests, from the 
results of which he can make his decisions. 

Before trying to find the most suitable lubricant for a specific purpose, 
he must keep in mind that correct lubrication is dependent on two factors : 
(a) the correct lubricant; (6) the correct application. 

The best lubricant could not fulfil its function if certain mechanical 
features were not considered, such as correct distribution of the lubricant 
in the circuit in sufficient quantities, properties of materials in contact, 
finish of surfaces, dimensions, clearances, etc. Also cooling problems 
might have to be taken into account. Such items are entirely the car 
manufacturer’s responsibility. 

When referring to “ correct lubricant,” the motor manufacturer must 
know what is required of the lubricant, always keeping in mind that much 
greater demands are now made on the lubricating value of the lubricant 
than formerly, due to increased speeds and higher efficiency of engines, 
etc. 

Motor-car lubricants fall roughly into three general groups: engine 
crank-case oils, gear oils, and chassis lubricants. 

Dealing with the first named: What are the demands on a good engine oil ? 

It must be stable under the widest possible range of operating conditions, 
have a useful life and reasonably low consumption. 








* Paper presented for discussion at the Afternoon Session, 23rd May, at the Summer 


Meeting of the Institute of Petroleum held in Birmingham, 22-24th May, 1939. 


+t Austin Motor Company, Ltd. 
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Load-carrying capacity must be sufficient for the maximum possible 
loads at maximum probable temperatures, without permitting metal seizure 
or undue wear. 

It must prevent wear of the metal parts even during the period of 
boundary lubrication. 

It must act as a protective against corrosion from the products of 
combustion, etc. 

It should have the lowest volatility and be non-toxic. 

The next question the motor manufacturer would have to ask is, whether 
such lubricants are available and commercially produced and can be dis- 
tributed to the world-wide markets when needed. 

Regarding the means of testing the various lubricants submitted to him, 
experience has taught the manufacturer that laboratory tests alone, 
however carefully carried out, do not give sufficient data to enable a 
decision to be reached—in short, there are no laboratory methods of 
measuring the true lubricating values which include all the factors entering 
into the successful lubrication of the mechanisms in question. 

Although much has been done to prepare specifications for lubricants, 
there is no true specification for selecting the lubricant. Specific gravity, 
viscosity, flashpoint, setting point, carbon residue, etc., do not positively 
define the quality of an oil in practice. 

The capacity to reduce wear and prevent corrosion in service, for 
example, is a quality which can be determined only by long and expensive 
tests. 

This shows the fallacy of trying to buy lubricating oils by merely quoting 
specification figures or S.A.E. numbers. It is a fact that oils, on the strength 
of analysis figures, can meet the same specification but probably not give 
the same results under service conditions. 

Practical tests under running and service conditions have therefore 
to supply the final answer to the selection of the lubricant, although 
systematic tests should be carried out in the laboratory to eliminate 
undesirable products in the first instance, and close co-operation is necessary 
between the car manufacturer and the oil refiner. 

The more essential qualities which the car manufacturer has to look 
for in such oils are found by laboratory tests in: the viscosity and viscosity 
index, pour point, stability, carbon residue, and flash point. 

It is well to keep in mind that the two main classes of oils possess dissimilar 
characteristics. 

Asphaltic base oils are: good for low pour point and low coke value; 
bad for chemical stability, viscosity, and low flash point. 

Paraffinic base oils are: good for stability, viscosity, and high flash 
point; bad for pour point and coke value. 

By merely mixing the two types of oils, the demanded necessary 
lubricating values could not be obtained. 

If the base oils did not contain in the first place the very substances 
which are necessary for certain purposes, then no subsequent amount of 
refining according to the old methods could succeed in making up for this 
deficiency. 

The oil manufacturers have met the demand for increased iubricating 
values of the lubricants with enormously improved products by new methods 
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of refining by various processes and addition agents. These results could 
not have been achieved by the usual old methods of refining, which more or 
less aimed only at eliminating the impurities. 

Although the user is, strictly speaking, not concerned with the means by 
which these improvements have been attained, but only with the results, 
he should realize the enormous amount of study and research undertaken 
by the oil experts before they succeeded in utilizing successfully the additives 
now in use. They include pour-test depressants, viscosity temperature 
gradient improvers, anti-oxidants, corrosion inhibitors, load-carrying 
capacity, and oiliness improvers. The lubricating-oil refiner uses these 
addition agents to improve the mineral oil in the same way that the physical 
characteristics of the steel are controlled by alloying with small quantities 
of other metals, such as nickel or chromium, etc. 

These additives can do to the mineral oil what super-refining is unable 
to do; the latter covers the removal of so-called impurities, seeks out the 
asphaltic and paraffinic constituents, and can show an improvement as 
regards viscosity temperature gradient and sludging ; but it can also remove 
some of the polar components which give oiliness and the so-called oxidation 
inhibitors which prevent or retard the formation of oxidation products, 
which are corrosive in their action. 

As previously mentioned, oils, before being selected for practical tests 
under running conditions, will have to be considered for their physico- 
chemical properties by the results derived from the conventional laboratory 
tests using the usual standard equipment. 

Oils after running tests are checked in a similar manner. 


Viscosity AND Viscosity INDEX. 


Least change of viscosity with temperature is desired. This is import- 
ant for easy starting in cold weather, also, at the other end of the operating 
conditions, for a good piston-seal and low oil consumption. 

As it is important that not too much oil passes between piston and 
cylinder-wall into the combustion-chamber, a stable oil-film has to be 
formed as a seal; therefore oil should show least change of viscosity at 
elevated temperatures. 

The thinnest oils should be used that can be held in crankcase without 
excessive consumption, of such viscosity that will permit the engine to 
develop its maximum power. However, too light an oil will not provide 
sufficient film-strength to prevent blow-by, whereas too heavy an oil causes 
drag. A fact that must not be overlooked is that allowance must be made 
for wear in engines during service. 

Suitable thin oils have all the strength and resistance to break-down 
which were possessed by the old-fashioned heavy type. They ensure 
easier starting in all weathers and immediate circulation. Petrol con- 
sumption is also improved. Mechanical features, such as the modern 
oil-control piston-rings, have helped to popularize such low-viscosity oils. 

It should be pointed out here that most firms find it necessary to specify 
separate grades of crankcase oil for summer and winter use, where such are 
available from the various suppliers. 











632 BROZYNA : MANUFACTURER’S SELECTION OF LUBRICANTS. 


Pour Port. 


A low pour point is important for circulation of lubricant to bearings and 
pistons immediately on starting on a cold morning (during the period of 
danger). Oil must be freely pumpable under the most extreme conditions 
of cold. 


STABILITY. 


The oil must not alter in character in use and form undesirable sub. 
stances (sludge and asphaltic matter) which choke up filters, oil-pipes, etc., 
in the system—in short, the oil must have a long life. 

The Air Ministry specify a laboratory test for oil stability in which the 
amount by which the oil alters in quality under this test is taken as an 
indication of its stability. 

To use the oil for a considerable time, it is necessary that it should stand 
up to temperatures in the sump of over 100° C., and well over 200° C. to 
keep up a permanent film in cylinder-bore. A summary of the thermal 
conditions in an engine shows that the lubricating oil used must be working 
near its critical temperature. At certain parts of the heat-cycle, conditions 
may exceed this temperature. 

It is generally found that the more stable a mineral oil is, the poorer it 
is in polar groups and less in the position to keep up this permanent oil- 
film. The opposite condition of these is shown by the fatty oils which are 
necessary for blending to supply the requisite oiliness to protect, for in- 
stance, the cylinder-wall from corrosion after the cooling-down period, 
but the percentage of fatty oils in blending is permissible only to a certain 
degree, otherwise sticky rings, valves, etc., are the result. 

Another point is that if any water from combustion, or through leakage, 
gets into the sump containing mineral oils blended with fatty oils, the water 
will emulsify with the fatty oils, etc., thereby spoiling the lubricating qual- 
ities. The percentage must therefore be kept down to a minimum. 

It is well known that the lubricating action of oils depends on the form- 
ation of a film of oil adsorbed on the metal surface (through mainly surface 
reaction). This adhesion is most important. 


CARBON RESIDUE. 


Only a minute trace of the carbon in the oil is deposited as a residue 
when the oil is driven off by heat. Similar conditions occur in the 
combustion-chamber of the engine, and depend on conditions of operating 
the engine. What carbon does form shall be a minimum, and of a non- 
crystalline structure (soft in character). 


FriasH Port. 


High flash point is necessary to resist oil being burned on cylinder- 
walls on the explosion stroke. This is important for obtaining a low oil 
consumption. 


When selecting lubricants, consideration must be given to the corrosion 
resistance of bearing metals used in engines. While on the subject of engine- 
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bearings, the author wishes to direct attention to the now-popular thin 
steel-backed bearings, produced by a well-known firm in this country, 
and of which the author’s firm were probably the first to make use. On 
account of the excellent structure of the bearing-metal, its much increased 
resistance to fatigue, and the improved heat conductivity due to the 
intimate contact between the back of the bearing-shell and its housing, they 
are a great improvement on the previous conventional thick-wall type. 

Besides the well-known anodic treatment of aluminium alloy pistons, 
there are now a number of chemical and other treatments in use to create 
various protective surface finishes or coatings to encourage the rapid spreading 
of the lubricant and quick bedding-in of the surfaces during the breaking- 
in period, by transforming the surfaces to an amorphous-like material. 

Parts like piston-rings, for instance, can receive galvanic deposited coat- 
ings of metals of low melting point, such as tin, phosphate, or iron man- 
ganese phosphate coatings similar to coatings produced by well-known 
rust-proofing processes or iron oxide films. 

Running-in compounds, such as colloidal graphite mixed with suitable 
oils, also approved top-cylinder lubricants, give excellent results when 
new engines are being runin. Naturally most of such running in has to be 
left to the client. 

One has to guard against engine lubricants which have a tendency 
to form hard lacquer on the sides of the piston-rings, produced by oxidation 
of the oil at high temperatures in the presence of water and dirt. This 
may cause trouble through sticking piston-rings, and thereby blow-by. 

Sticky carbon deposits are sometimes noticed on valve-stems and under 
the heads, which interfere with the movement of these parts under working 
conditions. 

Besides correct mechanical features, a maximum resistance to oxidation 
and gumming is essential. 

Manufacturers must provide for the care of the oil while in service by 
providing correct crankcase ventilation and installing thermostats with a 
view to reducing dilution and removing some of the sludge-forming elements 
before they have had time to combine, instead of filtering out sludge after 
it has formed. 


Om FIrers. 


It is generally agreed that crankcase oils do not wear out, but simply 
become contaminated with various impurities, the removal of which 
renders the oil suitable for further service. This can be achieved by a 
good oil-filter. 

The primary function of an oil-filter is the removal from the lubricating 
system of injurious materials, such as abrasives, metal particles, and 
water. 

The majority of filters in use are of the by-pass type, using an absorbent 
type of filtering material, such as cotton fibre, etc. 

Another kind of filter is of the adsorbent type. Although many doubt it, 
the fact remains that with some of the filters using adsorbent materials, 
such as certain clays and earths, not only the impurities are removed, 
but also some of the essential additives. 

As part of the contamination of the lubricants originates from some 
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outside sources, through the breather and air-supply, the use of an efficient 
air-cleaner is advisable. Thus it appears that both an air-cleaner and oil. 
filter are needed. 

It is rather important, from a service point of view, that the various 
engine-oils recommended by a car manufacturer should mix. Most mineral 
lubricating oils will do so. 


FryaL SELECTION OF THE LUBRICANTS BY THEIR PROPERTIES SHOWN 
my Practica Runninc Tests ON BENCH AND ON THE Roap. 
Bench Test. 


Engine run on } load, 1600-2800/r.p.m. (at intervals of 2 minutes), 
Actual running time, 100 hours. Temperature of water, 70°C. Oil 
temperature, 90° C. 
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Fie. 1. 
GRAPH SHOWING DIFFERENCES IN RESISTANCE TORQUES OF A 6-CYLINDER ENGINE 
(1710 c.c.) AT LOW TEMPERATURES, USING TWO GRADES OF OIL WITH DIFFERENT 
VISCOSITIES. 


To gauge the effects of the oil on the engine, the latter is inspected after 
test for: wear, carbon deposits in combustion-chamber, on and under 
piston-head in ring-grooves, sludge or gum on the relieved portions of the 
pistons, sludge in crankcase. 











The 

Cra 
oxidiz 

Dif 
oils, 
by nc 
carbu: 
being 

Col 
engin 
ances 

Roe 
of oil 
Inspe 
Tests. 
tests. 
inter1 


Show’ 


Specif 
Flash 
Clos 
Ope 
Viscos 
l 
70 
100 
140 
200 
Viscos 
Pour 
Carbo 
son 
Emul. 
Asphe 


Ex 
facto 
high 
redus 
suffic 
actio 
shou 
give 


suffic 





ficient 
1d oil. 


arious 
ineral 


WN 


Oil 








BROZYNA : MANUFACTURER'S SELECTION OF LUBRICANTS. 635 





The oils are then tested for ash, carbon, asphalt, volatility, emuls- 
ibility, pour point, etc. 

Crankcase oils are usually found to be fit for further service when the 
oxidized products insoluble in petroleum ether are below 1 per cent. 

Differences, principally in the frictional resistance, when using different 
oils, can be found by dynamometer tests (using a well-run-in engine), 
by noting the number of revolutions per minute attained with a fixed 
carburetter throttle opening, using the same fuel, and other conditions 
being equal, for each comparative test. 

Cold-room tests are carried out with a view to comparing the 
engine-cranking speeds, engine-resistance torques, and starting perform- 
ances with the different oils. 

Road tests are carried out to find the values on performance, consumption 
of oils and fuels, and to show the effects of the oils on the engine, etc. 
Inspection is continued on similar lines as mentioned under “ Bench 
Tests.” A distance of about 10,000 miles is usually covered by these road 
tests. It should be mentioned that these tests are partly carried out with 
intermittent stops at short intervals, in order to cool the engine. 


Taste I, 


Showing Properties of some Well-known Crankcase Oils Used by the Author's Firm. 


| z - | 3 . 
| Summer-Grade | Oils that can be Used | Winter Grades 





Engine Oils. Summer and Winter. Only. 

Specific gravity . . | 0-886 | 0-895 | 0-882 | 0-879 | 0-878 | 0-874 | 0-870 
Flash point : | | | 

Closed ; : - | 440 | 425 | 424 430 425 415 | — 

Open . : . | 480 450 | 439 | 445 445 | 450 | 420 
Viscosity (Redwood No. | | | 

1): | | 

70° F. , . . | 1724 2025 1485 1347 1290 680 | 610 

10°F. . . ./| 625 | 680 | 526 | 480 | 470 | 278 | 257 

Mo°F. . . .| 223 | 220 | 185 | 171 | 170 | 114 | 108 

20°F. | : :| 78 | 7% | 67 | 6 | 66 | 54 | 56 
Viscosity index. , 108 | 95 100 100 | 103 | 117 120 
Pour point, °F... ; 0; 10 | 0 5 | 0 | 0 | 5 
Carbon residue (Conrad- 

son) . . , . | 0-54 0-45 | 0-48 | 0-18 | 0-38 | 0-06 i= 
Emulsibility ‘ . | Slight | Slight | Slight | Slight | Slight; — | - 
Asphaltene content . | Trace | Trace Trace | Trace | Trace (= — 


LUBRICATION OF GEAR-BOXEs. 


Experience has taught the car-producer that a lubricant, to be satis- 
factory for the above, must have certain characteristics. It must have a 
high enough viscosity to ensure low tooth-friction, which is necessary for the 
reduction of wear and noise to a minimum ; but the viscosity must not be 
sufficiently high to create excessive heat and power loss due to the churning 
action of the gears, nor must it offer undue resistance to gear-change. It 
should have the capacity to carry off the maximum amount of heat and 
give maximum resistance to oxidation and sludging, and should have 
sufficient body to prevent leakage under operating conditions. 
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All these conditions are fulfilled by good engine-oils, and at the author's 
works the adopted summer-grade engine-oils are used satisfactorily for the 
lubrication of their synchromesh gear-boxes. In addition, the number of 
different lubricants to be kept in stock is reduced. 


ReEAR-AXLE-GEAR LUBRICANTS. 


In recent years, with the advent of the hypoid-gear rear axle, special 
lubricants, possessing a high film-rupture strength—the so-called ‘‘ Extreme 
Pressure ” lubricants—have been developed to meet the special demands 
in the lubrication of these gears. They are known as “ Powerful Extreme 
Pressure ’’ lubricants. E.P. lubricants, but with milder E.P. properties, 
are also used on many axles fitted with ordinary spiral bevel-gears, the 
tooth-loads of which are too high for ordinary mineral gear-oils, although, 
if properly made, a powerful E.P. lubricant may be used with gears re. 
quiring only mild E.P. lubricants, or even straight mineral oils. Without 
these E.P. lubricants, where they are necessary, the size of the gears and 
axle-case would have to be increased, and thereby the unsprung weight of 
the axle raised, which is undesirable. The film-strength of these lubric- 
ants is generally associated with a chemical reaction between the lubricant 
and the contacting metals. 

With regard to the selection and supply of these lubricants for the 
various rear axles, there are so many variables outside the oil-refiners’ 
control that a very close co-operation is necessary between the car-producer 
and the oil-firms. So much depends on tooth-loads and deflection, metal- 
lurgical conditions of gears, oil-capacity of axle gear-case, and possible 
maximum oil temperature that can be attained, etc. 

Sometimes E.P. lubricants have to be used in axles with a small reser- 
voir capacity, where a conventional high-quality lubricant could be best 
used otherwise. 

An E.P. lubricant suitable for rear axles with gears that are stressed with 
high tooth-loads must have chiefly: sufficient load-carrying capacity; 
stability both in service and in storage; absence of abrasive and corrosion 
action; fluidity under all service conditions, and freedom from foaming. 

The teeth of the spiral bevel-gears in the various car rear axles produced 
at the author’s firm are stressed with maximum tooth-loads varying from 
about 2600 to 3250 Ib. per inch face-length, calculated from loads due to 
torque to slip rear wheels with a friction coefficient of 0-65. As the stress 
is transmitted through line contact, very high stresses in the gear-tooth 
surfaces have to be expected. 

It should be mentioned here that the film-strength of the lubricant 
must be higher than that necessary for ordinary driving conditions, to 
prevent scoring on the “ coast’ side of the gear-teeth that may be caused 
by the shock-load conditions when suddenly letting in the clutch while 
coasting at high speeds, or by quick down-gear changes at such speeds, 
which is made possible with the modern synchromesh gears. These loads 
can be considerably higher than those of the low gear-drive, besides being 
shock-loads. The use of trailers can be another source of high tooth- 
loads. 

The most important single property of an E.P. lubricant is load-carrying 
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capacity. The laboratory testing-machine at the author’s firm is the 
Timken machine. He would like to have had the use of the latest S.A.E. 
machine for comparison, but none was so far available for his firm. 

None of the powerful E.P. lubricants was required by the author’s firm, 
although those finally chosen could not be called particularly mild. 

There is still a definite need for a standard procedure of testing to enable 
the proper selection of E.P. lubricants. 

As the load-carrying tests of the various lubricants submitted did not 
always correlate with tests under road conditions, the author constructed, 
several years ago, a special “ Torsion-loaded axle-gear-testing fixture ”’ 
on the four-square principle. With this, any road-test condition could be 
obtained, with the exception of the “ coasting” conditions mentioned 
previously. By finding the number of “ cycles” (from time-load factor) 
necessary, to correlate with the findings from numerous road-tests under 
the above conditions, data were obtained that could be used as a basis to 
estimate the possible life of the gears and bearings. This gave with maxi- 
mum engine torque at a pinion speed of 3500 r.p.m approximately 100 hours 
running time. 

Tasie II, 
Results of Tests of Various Gear Oils on Timken Machine and “ Torsion-Loaded 
Azle-Testing Fixture.” 
_ (See photo and sectional drawing of fixture, Figs. 2 and 3.) 


Tests carried out on No. 1 assembly. Load on pinion shaft 67 ft. lb. Speed of 
pinion shaft, 3500 r.p.m. Oil temperature maintained at 75° C. 


Straight Extreme Pressure Lubricants. 
Mineral Oils. 





A. B. D. E. G. J. L. F. | A. 

Gear test No. .| G.6 | G.11 | G.10! G.14 | G.22 | G.27 | G.30 | G.29 | G.18 
Timken machine, 

Ib. . ; : 16 14 60 28 65 7 60 | 80 16 


Serial No. of gears | 618 124 125 249 235 950 515 511 | 888 
Clinging properties 

of oil : . | Poor | Poor | Fair | Good | Good | Good | Good | Good | Poor 
Test in hours . 1} } 14 100 100 100 100 200t; 13 
Condition of gears |Scored|Scored| Scored) Good | Good | Good | Good | Good |Scored 
Condition of bear- 

ings ; . | Good | Good | Pitted! Good | Good | Good | Good | Good | Good 

* Gears used in this test were previously run-in with E.P. Oil F, then tested on 
fixture with “‘A”’ Lubricant. Time run before picking-up occurred, compared with 
Gear Test No. G.6, shows the advantage of running-in with E.P. Oil. 

+ After 100 hrs. oil was changed and load increased to 77 ft. lb. and test extended 
to 200 hours. 

A and B are straight mineral oils (at 70° F. viscosity approximately 9500 seconds 
No. | Redwood) that were used satisfactorily in rear axles, which had to carry smaller 
loads than the present ones. 


Stapimity or E.P. PRopertizs. 


These lubricants all tend to lose some of their E.P. properties during 
use or under heating (depletion of chemical ingredients). On the extent 
ZZ 
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of the retention of their E.P. properties depends the suitability of the various 
E.P. lubricants. 

No separation in storage must occur. Care must be taken to keep out 
moisture, on account of possible separation in an otherwise stable product. 
The author experienced considerable trouble in the early days of the lead- 
loaded rear-axle lubricants due to the separation of the lead products. 


ABSENCE OF ABRASIVE ACTION. 


Correct E.P. lubricants should cause no greater wear of the various parts 
of the rear axle assembly than ordinary mineral gear-oils. Wear does, 
however, occur when abrasives are present, either in the original base-oil 
or derived during manufacture. Another cause of wear may be due to lack 
of sufficient load-carrying capacity. 

Instead of employing a testing machine, such as the Timken, for wear 
measurements, the author uses the previously mentioned torsion-loaded 
axle-gear testing fixture, particularly for wear on ball and roller bearings, 
and instead of looking for loss in weight, the differences in the diametral 
clearances and the condition of the wearing surfaces before and after tests 
are taken into consideration; the oil temperature is kept at 75-80° C. 
and, so that tests are carried out under practical service conditions, no 
steps being taken to eliminate moisture. 


CORROSION. 


Corrosive tendencies should be negligible. In the presence of moisture 
in the axle-case—which cannot be avoided, being due to condensation— 
the author found, on tests, that, with certain lead-containing lubricants, 
the sulphur-films showed practically no tendency to react with the moisture. 

The addition of lead-soap apparently eliminates corrosive action on steel, 
as was shown by the above tests, and also by laboratory tests carried out 
with various E.P. lubricants containing 1 per cent. of water, at 95° C. for 
50 hours. 


FLUIDITY UNDER ALL SERVICE CONDITIONS AND FREEDOM FROM 
FOAMING. 


Channelling at low temperatures is serious, as it might easily result 
in gear failures. The lubricant must therefore flow freely at low 
temperatures. 

The author does not know of any definite method for measuring either 
of the above properties. 

Foaming can become a source of trouble, as, due to the volume increase, 
which might be considerable, according to the rate of agitation, a leakage 
of the gear-lubricant from the axle-case to the brakes is likely to happen. 

It is important to bear always in mind that mixing of various E.P. 
lubricants must be avoided, as dissimilar chemicals will not mix, or the 
proper balance might be disturbed. 

Use has been made of the opportunity of checking the used oils in axles 
from certain cars in service, with the exact mileages and conditions known, 
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with a view to ascertain the chemical and physical changes in the com. 
pounds. These were usually found to be reasonably small. In some 
instances it was noticed that mixing of different E.P. lubricants had 
occurred, with detrimental results to gears and bearings. 

Ball and roller bearings were also checked for wear, etc. 

The author adopted for the conventional hour-glass and cam-type 
steering-boxes, as used at his firm, the same E.P. lubricants as for their 
rear axles. 

Taste III. 


Typical Examples of Approved E.P. Rear-Azle Lubricants. 


Oil Designation. E. G. J. L. F, 
Specific gravity . , ‘ 0-942 0- )-906 0- 948 0-938 0-975 
Pour point, F, , 20 10 25 15 20 
Viscosity (Redwood No. D 

70°F. . , ‘ ‘ 5800 5000 9250 | 8100 9800 
100° F. . . , 1675 1520 2580 2380 2700 
140° F. , , ' 460 470 678 670 730 
200° F.y : ‘ 120 135 165 172 182 

E.P. addition age nts. . | Vary according to type of E.P. lubricant, and are 


oil supplier’s property. 


WormM-GEeAR LUBRICANT. 


For conventional worm-gears in axles, as used by the author’s firm 
(steel-worm, bronze-wheel), where tooth-loading is not severe, certain 
well-refined mineral oils were found to be extremely satisfactory. 

In selecting them one has to look for characteristics on similar lines to 
those in lubricants for rear axles with highly stressed spiral bevel-gears, 
with the exception of the load-carrying capacity, which in this case need 
not be so high. 

Since all the physical properties of bronze change with temperature, 
one has to expect that continuous running at high lubricant temperatures 
will hasten metallurgical failure. 


Tase IV. 

A Typical Example of Approved Worm Gear Lubricant. 
Type of lubricant . ‘ . . Straight mineral. 
Specific gravity ‘ ‘ ; ° 0-910 
Pour point. ; : : 0-30 
Viscosity (Redwood No. 1) 

70° F. 9500 
100° F. 2750 
140° F 750 
200° F. 196 


Cuassis LUBRICATION BY SemI-Sotip LUBRICANTs. 


Many chassis parts are lubricated with greases, often where leakage is to 
be avoided; but by careful design it is possible to use oil instead of grease 
with advantage. That this has been realized is shown by the fact that an 
increasing amount of oil is now being used for this purpose. 
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Of the two types of greases chiefly in use, the lime-base grease is more 
generally applied. It is moisture-resistant, but not good for high temper. 
atures. Where usually used, the parts work under normal conditions, 
often only slightly in excess of atmosphere. 

Care must be taken in choosing grease where grease-guns are used, 
High pressure tends to separate greases, releasing the mineral oil and leaving 
behind the soap. 

Soda-base greases are water-soluble, and suitable at higher temperatures 
than the lime-base greases. Oil does not separate so readily from soda 
base; they are fibrous, and this stringy structure seems to act as a sort of 
sponge for the retention of the mineral oil. The high-speed type of 
soda-base grease which resists centrifugal force is used as lubricant for parts 
revolving at high speeds, such as certain types of universal joints on motor- 
car propeller-shafts. 

By incorporating into the grease a percentage of a colloidal material, 
greases are now produced (reversibility greases) in which there is practically 
no separation of the oil from the base material on heating and cooling. 

Some of the approved greases are of the metallic compound filled type, 
others are graphite greases (Gredag, mixture of colloidal graphite and grease). 

Greases can be selected by analysis, which might present certain diffi- 
culties in regard to some of the ingredients, and by several physical tests 
which are more or less arbitrary. Stability in storage and use must also 
be considered. 

The simplest way of testing greases for selection, as far as the car 
manufacturer is concerned, is to check their performance under service 
conditions. 

Tasie V. 


Particulars of Approved Greases. 








i 7 | 
| Wheel Hubs | water Pump | High Speed 
and | Grease | Grease 
| Grease Gun. P 4 | P 
Melting point (Pohl’s), °F. ; ‘ 216 210 325 
Ash, %. ; ; ‘ : - 2-80 4-40 4-10 
Nature of ash : ‘ ‘ ; Lime Lime Soda 
Water, % , ‘ : " ‘ 1-00 2-50 0-12 
Free acidity, % , ‘ . ‘ 0-17 0-22 | Neutral 
Total saponifiable, % fat ‘ ‘ 26-28 47-70 28-50 
67-28 
| 


Unsaponifiable, % oil ° ‘ ‘ 69-92 45-40 








There are other special lubricants, such as oils used for certain hydraulic 
equipments in the car—e.g., shock-absorbers, hydraulic-brakes, etc. 


The author wishes particularly to thank Lord Austin for his interest in 
the presentation of this paper. 
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Afternoon Session—Tuesday, May 23rd. 


DISCUSSION. 


Mr. A. BEALE said that as a manufacturer of oil filters he had naturally been pleased 
by the amount of attention given to that subject, but he was avoiding the temptation 
to make capital out of it. He merely asked permission to put before the meeting 
some facts which had come within his experience and which had some bearing on the 
papers. 

Righteen months ago he had fitted to a new 14-h.p. car a very efficient by-pass filter 
which automatically cleaned its filtering surface and collected the solid impurities in 
the filter sump. He left in position a cloth filter of conventional design. 

In 19,000 miles driving under arduous conditions, mostly in London traffic, he had 
not drained the sump of the car or of the filter until the previous week, when he did 
so for the sake of the information then presented, In the oil he found less than 0-1 per 
cent. of “ carbon ”’ (as defined by Mr. Wilford)—#.e., less than 10 gm. The engine 
sump and oil-ways were perfectly clean. The cloth filter contained 11 gm. of “ car- 
bon” and the finer filter 28 gm. 

Thus altogether in 19,000 miles only 49 gm. of “ carbon ”’ (less than 0-5 per cent.) 
had been formed in the oil, and most of it had of course been prevented from circulating 
round the engine. 

It had not surprised him, as the maker, that the fine filter had kept the oil in circula- 
tion so clean; but he confessed that he was surprised at the extremely small amount 
of “ carbon ’’ formed altogether. It seemed that keeping the oil in circulation clean 
diminished the actual amount of impurity formed, and as a layman in that gathering 
of specialists he would be very glad if somebody could tell him why. 


Mr. J. Romney said that there were a number of points in the very interesting papers 
which had been presented on which he would like to comment, and others on which 
he would like information. 

Mr. Brozyna considered used oils satisfactory for further service if they did not 
contain more than 1 per cent. of oxidized products. If his oxidized products included 
the so-called “ carbon,’’ his decision would mean the rejection of a very large number 
of crankcase oils which were behaving very satisfactorily and which would be especially 
useful for continued use if filtered. If, however, Mr. Brozyna referred to, as oxidized 
products, asphaltic matter, or that proportion of the solid matter which was benzole 
soluble, he would agree with him that the oil was in a bad state. 

In Table I of his paper, Mr. Brozyna gave figures for crankcase oils used by his firm, 
and apparently these contained traces of asphaltenes. He (Mr. Romney) was very 
surprised that a positive result should be returned on any reasonably refined new oil, 
and would be interested to have details of the test, which might be a special one. 

Mr. Brozyna mentioned that he did not know of any standard foaming test. Mr. 
Romney did not think that there was one officially approved, but Mr. Brozyna might 
be interested to know that Standard Motors of U.S.A. included a foaming test in their 
specifications for Hypoid gear oils. Further, the Institution of Automobile Engineers, 
Research Department, published a report, some time ago, on the foaming of oils, in 
which a rather interesting foaming test was described, the degree of foaming being 
determined by weighing a fixed volume of foam prepared under controlled conditions. 

The comments on filters in Mr. Brozyna’s paper evidently referred to units attached 
to engines, but the whole subject of reclamation of used oil was of great importance. 
Many of the standard filters and reclamation plant were extremely useful, but he wished 
users would recognize their limitations. He often had to deal with complaints such as 
“ The oil had gone like water, and even filtering it made it no better.’’ The reference 
was, of course, to fuel dilution, and it was difficult to get users to realize that reclama- 
tion plant could have little effect on dilution unless it was of the type in which some 
form of distillation was attempted. 

Mr. Wilford’s paper was especially interesting. As the chief chemist of a very large 
transport undertaking, Mr. Wilford was in the fortunate position of being able to carry 
out extensive practical tests, and had found that high-grade oils had shown a definite 
economy, in spite of the relatively high initial cost. He had come to this conclusion 
as the result of practical teste, but it was interesting to note that he had been prompted 
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to work extensively with high-grade oils on his compression-ignition engines in the 
first place because he felt that it gave him a margin of safety. It was essential that 
users, and particularly small users, should realize the importance of this safety factor, 
rather than look for the cheapest oil that did not cause obvious and immediate trouble. 
It should be remembered that the cost of lubrication represented a comparatively 
small proportion of the total running costs, and it was just because the small user was 
not in a position to find out for himself with any degree of certainty the relative long 
range merits of high-grade and inferior oils that he should play safe. 

On page 610 Mr. Wilford gave a table of characteristics of oils tested. He 
(Mr. Romney) was very surprised at the figure given for asphalt after oxidization 
on Oil B. Having regard to the viscosity and the very low specific gravity, the asphalt 
figure was remarkably high, even for the London Passenger Transport Board method 
of asphalt determination. He would also like to be quite clear about Mr. Wilford’s 
determination of hard asphalt in used oils. He presumed that it involved separation 
of the benzol solubles and insolubles in the solid matter. 

Mr. Whitehouse made an appeal for viscosity gradings. There was a B.S.I1. classifica. 
tion in existence, but this was framed so long ago that it would be a good thing if the 
Institute of Petroleum would produce a new system. The S.A.E. grading was too 
wide, and there was also too much dependence on viscosity temperature curve when 
translated into their conventional manner of recording viscosity. Oils of the same 
Redwood viscosities at 140° F. might have different S.A.E. numbers. In fact it was 
possible for an oil, more viscous than another at 140° F., to have a lower S.A.E. rating. 

Many people were interested in viscosity index, and the American system was to 
some extent used in England. If this or some other system were adopted officially 
in that country, it might be possible to link it up with the viscosity classification. For 
instance, their viscosity ranges might be indicated by A, B,C, etc. Assuming viscosity 
indices ranging from, say, 0 to 130, they would work to the nearest 10, or to the nearest 
lower multiple of 10, and an oil would be fairly clearly defined by some such symbol 
as C90. It should not be impossible to go even further and bring in stability if a 
standard oxidation test could be agreed on. There were many oxidation tests, and it 
was impossible to be dogmatic on the question of which was most informative, but it 
was better to adopt a fairly well accepted one than none at all. He would favour 
the Air Ministry test, which Mr. Wilford used, but with measurement of asphalt which 
he adopted but which the standard test ignored. If it was argued that a specification 
which included such a test would eliminate a few oils claimed to have been found 
satisfactory, it would at least have the more important effect of cutting out many 
oils which were of very poor quality. 

Mr. Whitehouse had made quite an impassioned speech for the small transport 
operator. It was evident that education was required, and Mr. Whitehouse and his 
friends in engine-manufacturing industry were the men to do the teaching. Appar- 
ently, whenever Mr. Whitehouse lectured to operators on the importance of oil filters, 
he caused a rush on the local dealers next day. In other words, he scared the operators, 
and that was what the manufacturers should do in an official manner. They should 

state right at the start that their engines could only be expected to work satisfactorily 
on high-grade lubricants. Of course, that would mean definition of the high-grade 
oils, and that was where an Institute of Petroleum decision on a classification would 
be necessary. 


Dr. E. R. RepGROVE congratulated Mr. F. C. Whitehouse on his frank exposition of 
the difficulties experienced with very small fleets and isolated vehicles. 

Generally these difficulties were due to failure to appreciate that the splendid 
engineering job which comprised the modern commercial vehicle, needed intelligent 
handling and regular attention. 

On the question of oil filters, he thought these could become a source of real danger 
if persistently neglected, and would go so far as to suggest that when the by-pass valve 
came into operation, the fuel supply was automatically cut off; then a clean filtering 
element would have to be introduced. 


Mr. J. Ertc Hasiam said that Mr. Whitehouse’s paper was one which particularly 
emphasized the President’s remarks concerning the value of collaboration between 
engineering in general and the petroleum industry. 
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DISCUSSION. 645 


Just as Mr. Whitehouse tried to pass the responsibility of sludging on to the 

troleum industry, so they in their turn invariably passed it on to the designers. 

When it was realized that at least 90 per cent. of the sludges which were found in 
ordinary commercial vehicles, particularly those on short-journey work—which were 
the type to which Mr, Whitehouse was largely referring—were due to the contamina- 
tions of the oil with materials wholly from the outside, it was somewhat difficult to 
see how one could blame the oil for it. He referred, of course, to the products of blow- 
by—namely, carbon, and in particular water, which latter condensed in a cold sump 
and made emulsions with the suspended carbon. These were the typical sludges. 

One was faced with the alternative, therefore, of either keeping these materials in 
complete suspension or of preventing their occurrence, which latter, of course, was the 
more sound practice and was the engineer's job. The former could only be regarded 
as unsatisfactory since prevention was always better than palliatives, especially in view 
of the fact that it had been proved that high quantities of suspended matter were a 
cause of high cylinder wear. 

For some time he had advocated that there should be some means of keeping the 
sump temperatures relatively high in those areas where the gases were in contact with 
the oil. This could be done by lagging the sump; whereupon the heat dissipation 
would have to be effected by an efficient oil-cooler fitted elsewhere. This at least 
would take care of the difficulty of condensed water and prevent the separation of 
sludges in the form to which Mr. Whitehouse referred. Although certain costs might 
be involved, this seemed to be the only solution other than the semi-satisfactory 
methods of sump ventilation which were of decreasing efficiency as the engine wear 
increased and blow-by became heavier. 


Mr. J. C. JeEnn«NGs said that it was a commonplace for the engineer to make more 
and more demands on the oil chemists, and Mr. Whitehouse’s plea for still better oils 
fell into line with many others. He thought it would be admitted that on the whole 
the chemist had kept up with those demands by producing oils of constantly higher 
quality and stability to meet the more and more exacting requirements of the modern 
internal-combustion engine. In particular there had been considerable improvement 
in the stability to oxidation of lubricating oils, and progress would continue, but there 
was scope for the co-operation of the metallurgist in this aspect of the matter. The 
effect of metals as catalysts in oxidation was well known, as was the difference in 
catalytic effect of different metals. The well-known work of Baaden showed clearly 
how the sensitivity of oils to various metals differed. Certain metals, such as copper, 
were characteristically effective as catalysts, while others, such as nickel, were rela- 
tively inert. From the oil chemist’s point of view the popularity of active metals such 
as lead—bronze for bearing material was rather unfortunate. He was not suggesting 
for one moment that such metals should be abandoned just because of their effect on 
oil, but he did feel that where other properties were equal or nearly equal, selection 
should be made of the least active metals. The same applied to piston and cylinder 
metal, and even the material of which the crankcase was made. Research might be 
directed to providing the least possible activity of metals with which oil came into 
contact either by variations in the constitution of these metals, or by the preparation, 
chemically or otherwise, of inert surfaces. This might be a wider problem for the 
metallurgists than the one they had given them, but he would assure them that they 
would be pleased to co-operate. 


Dr. E. R. REDGROVE said he always felt that the Air Ministry oxidation test, without 
a determination of the amount of asphalt formed during oxidation, revealed only a 
portion of the changes that had taken place in the oil. His paper published in 1935 
(J. Instn Petrol. Tech., 1935, 21, 612), directed attention to this fact, and the results 
given by Mr. Wilford for oils C and E in Table I and Fig. 1 showed the desirability of 
including the asphalt determination in the examination. 

Some authorities maintained that importance attached to the amount of acidity 
developed, but he considered that this determination could be omitted, because the 
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non-volatile acids formed by the oxidation of lubricating oils were not corrosive to 
the metals normally found in engines and their bearings. 


Mr. J. Romney said he would like to add to his previous remarks by commenting on 
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two points which had arisen in the discussion. A speaker had referred to the fact 
that the importance of asphaltic dev elopment i in an oxidation test was not suffic iently 
recognized and that he had been pressing for this recognition for some time. It might 
interest him to know that in the laboratory with which he (Mr. Romney) was associated, 
Air Ministry oxidation tests had been carried out for at least eight years on a | 
variety of oils, quite apart from Aero oils, and the determination of asphalt after the 
test had been carried out as a matter of course over the whole period. 

It had been suggested that it might be a mistake to associate oil consumption in an 
engine with viscosity, and that it might be some other property—e.g., surface tension— 
which controlled consumption. This might be true, but the fact remained that 
practical tests had been carried out time and time again under controlled conditions, 
and the general conclusion had nearly always been arrived at that, other things being 
equal, consumption fell with increased viscosity. That meant that whatever other 
property was really relevant, it was sufficiently closely reflected by viscosity, and it was 
quite fair for all practical purposes to establish a relationship between viscosity and 
consumption. 


Mr. C. H. Barton said that Mr. Wilford’s observations had shown that he obtained 
the best economy and performance, so far as the lubricant was concerned, by using 
solvent extracted oils in compression-ignition bus engines. Since many engine. 
makers and operators, both in America and Europe, had found that ring-sticking in 
high-speed diesel engines working under severe conditions of load and temperature 
took place more rapidly with solvent-extracted and “ highly-stable ”’ oils than with 
most other types of lubricants, it was evident that Mr. Wilford’s engines did not work 
under conditions in which ring-sticking was an important consideration. 

It was rather remarkable that the use of a flushing oil should be so ineffective in 
keeping down the “ carbon *’ content of the crankcase oil in Mr. Wilford’s experiments, 
Possibly the sludge deposits had become “‘ bedded down ”’ to such an extent that they 
were not removed by the flushing oil, although they tended to break up again under 
normal working conditions after the addition of fresh engine oil. 


Mr. H. J. Youne said that he had listened to the discussion of the papers by Messrs. 
Whitehouse and Wilford with interest because it appeared to him that the vital point 
had been overlooked. Mr. Wilford, on the one hand, was giving help to petroleum 
technologists, while Mr. Whitehouse was seeking it from them. The former was deal. 
ing with, say, 10,000 vehicles and one operator, the latter with 10,000 operators and 
one vehicle. Quite clearly if 1 or 10,000 operators were of the calibre described by 
Mr. Whitehouse, the only help he could possibly obtain would be from an institution 
of different nature from that of the Institute of Petroleum. Again, it reflected great 
credit on his vehicles that they did so well in such circumstances, whilst reflecting 
no discredit on the lubricants which these operators either did not use or, if they did, 
misused. 


Dr. E. R. REpGROVE said he would like to know how Mr. Brozyna justified the state- 
ment in his paper to the effect that low flash-point was the cause of high con- 
sumption, Also the statement (see page 632) that high flash-point resisted the oil being 
burnt on cylinder walls on the explosion stroke, important for obtaining a low oil 
consumption. Surely oil consumption was determined almost solely by the viscosity 
of the oil, the wear of the bore and the freedom and fit of the rings in their grooves. 

Did Mr. Brozyna recommend the use of colloidal graphite for normal use after the 
running-in period, because many advantages would appear to favour such a course ? 


Mr. E. A. Evans said that it was hardly fair to the oil companies to say that they were 
averse to the specifications. They had done a good deal in the past to assist organiza- 
tions to formulate specifications, whether it had been Government Departments, 
railways, or any other large undertaking. The oil suppliers were willing ‘to give of 
their best. This did not mean that they were willing to make specifications merely 
for the asking, quite irrespective of the source of the request. The chief interest to 
the oil companies was to ensure that the best lubricants were available for any particu- 
lar purpose, and that the users would be protected. 

Obviously it was not in the interests of every user to have a very broad specification, 
which would be essential if British Standard Specifications were introduced. There 
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DISCUSSION. 647 


might be opportunities for producing specifications for a highly specialized piece of 
mechanism, but who was going to legislate for all types of internal-combustion-engine 
jubrication? There were many types, and there were many conditions of engines in 
those types. A new engine often required a different type of oil from an older and more 
worn one. One purchaser might be able to afford a good-class oil, whereas another 
might be compelled by force of circumstances to buy a cheaper lubricant. 

Wilford made this point very clear. He stated that the first thing to do was to carry 
out service tests on as large a scale as possible. After this had been done, and not 
before, was it possible to formulate a purchasing specification. That being so, how 
were the thousand and one users going to make tests on engines, and then, having 
decided on the types of oil, formulate the specifications for their particular needs ? 
A large undertaking such as a transport company could make preliminary selections 
and then base a specification upon the successful lubricant, because they could drain 
the oil at regular periods, make adjustments to their engines, and generally maintain 
the fleet in an economic and engineering way. 

Brozyna, speaking for the car manufacturers, stated that experience had taught 
the manufacturer that laboratory tests alone, however carefully carried out, did not 
give sufficient data to enable a decision to be reached. What was a specification based 
on except laboratory tests? Whitehouse stated that “ By this is not meant that all 
oils should have the same constituents, as obviously that would put an end to all 
research and progress.’’ Did not a specification lead to standardization of the con- 
stituents? If so, according to Whitehouse, specifications were going to stifle progress. 

Classification was closely allied to specifications. A classification was obviously 
extremely broad. The animal kingdom, for example, was classified into types. It 
must be so. It was not necessary to give a specification for a lion to know what type 
of animal was being spoken about. Surely they would have gone a long way ahead 
if they could induce people to think harmoniously about a medium or a heavy oil. 
Let them first of all persuade people that they must describe the oil which they required 
in some general term which could be numerically defined. The proposed British 
Standard Classification did that. It gave the viscosity limits which were allowed for 
a medium, a heavy, or a super-heavy oil. It left the field open for the users to consult 
the oil industry, which had the experience. 

It would be absurd at that stage to include a viscosity index, a gravity, or a stability 
test. If a viscosity index were included, the oil industry would be tempted to recom- 
mend oils of a certain viscosity index which would give them the biggest profit, irre- 
spective of whether they were the best for the customer or not. Stability had not yet 
been defined, so why attempt to include something which had almost a nebulous 
character ? 

The proposed classification had certainly been troubling the minds of some of the 
best brains in the industry for about three years, sorting and sifting. He thought it 
was time that heed should be given to their opinions. These people had been assisted 
by men well known in other industries. The petroleum industry itself supported the 
classification, and he sincerely hoped that it would be published. Critics there would 
always be. Definite suggestions from anybody would be welcomed, but let them 
provide for the thousands of users of lubricants. 


Mr. WiLForp, in a written reply to the Discussion on his paper, stated that the degree 
of contamination of the lubricating oil concerned in Mr. Beale’s test was certainly 
low, although he did not regard the figure quoted as an exceptional one. Thus the 
average “‘ carbon ”’ content of used oils from petrol engines fitted to London buses was 
about 0-75 per cent. after 12,000 miles, and it was evident from this that in individual 
engines oil as lightly contaminated as that found by Mr. Beale might be encountered. 
The suggestion that if the oil in circulation were kept clean there would be a diminution 
in the amount of impurities which would otherwise have been formed, did not seem 
unreasonable, although he had no evidence one way or the other—except that if the 
contamination was due to incomplete combustion of the fuel, and this was the source 
of the greater portion of the “‘ carbon ’’ found in used oils from C.I. engines, then, of 
course, the continuous removal of this material would not prevent its being con- 
tinuously produced. In this connection it was of interest to observe that with certain 
C.1. engines of the direct-injection type, the amount of “ carbon ”’ in the used oil after 
12,000 miles was less than that found in used oil from petrol engines. 
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Both Mr. Romney and Dr. Redgrove had referred to the value of the estimation of 
asphalt after oxidation, and it was interesting to know that in the laboratory with whieh 
Mr. Romney was associated this test had been applied from a rather earlier date thay 
it had been in the London General Omnibus Co.’s laboratory. In view of these com. 
ments it was perhaps somewhat surprising that the test had not up to now appeared 
in specifications, apart from those of the London Passenger Transport Board. 

Mr. Romney had asked for information as to the method employed for estimating 
hard asphalt in used oils. This involved first an extraction of the used oil with pure 
benzene. A suitable portion of the extract was taken and the benzene removed 
vacuum distillation, the usual precautions being observed for getting rid of last traces 
of benzene vapour from the distillation flasks. Hard asphalt was then determined in 
this recovered oil, using the method described on page 621. 

Mr. Barton had referred to trouble experienced both in America and Europe with 
ring-sticking in high-speed diesel engines and attributable to the use of solvent. 
extracted oils. It was true that at the time the paper was compiled the Londog 
Passenger Transport Board had encountered but little trouble of this character, 
More recently, however, a certain amount of ring-sticking had been observed in engines 
dismantled for overhaul. It was difficult to say, however, whether this was due to the 
use of solvent-extracted oil or whether it was a consequence of the fact that the engines 
were giving a longer life than they used to do, and that as this occurred troubles which 
had not previously had time to develop became apparent. The matter was under 
investigation, but some time was likely to elapse before any further data were available, 

Mr. Barton also referred to the experiments with a flushing oil. It was probable 
that had the flushing treatment been repeated a sufficient number of times, discarding 
the dirtied oil, if necessary, a reasonable degree of cleansing would have been obtained, 
It seemed evident, however, that such a procedure would have been at least as lengthy 
and as expensive as dropping the engine bases, which it was desired to avoid. 


Mr. Brozyna in reply to the discussion on his paper wrote that the last sentence of 
Mr. J. Romney’s first query was quite correct. His (Mr. Brozyna’s) reference to 
oxidized products was to asphaltic matter, which should be below | per cent. (about 
0-7 per cent.). Carbon could not be included, as this was actually a residue, due to 
burning, oxidation, and general destruction of the carbon hydrogen molecule. The 
carbon would be removed by an efficient filter. 

In mentioning asphaltenes, as for example in Table I, he thought Mr. Romney would 
agree with him that from an engineer's point of view, and for all practical purposes, if 
only a stain could be observed, it was preferable to describe it as a trace (or sometimes 
negligible) rather than nil, as a trace in any form of matter was indeterminable, which 
rendered the term very ambiguous in most cases. 

No special method of test was applied. 

In answer to Dr. E. R. Redgrove, he was aware that the flash point was considered 
unimportant by many. He agreed with him that the wear of the bore and the freedom 
of fit of the rings in their grooves were two important points pertaining to low oil 
consumption, but surely of two oils, one with a high, the other with a low flash point 
both having a high viscosity index, and the mechanical conditions as mentioned above 
being equal, the one with the high flash point should be preferred, as such an oil should 
better resist the burning of the fine oil film on the cylinder wall during the explosion 
stroke. 

The point raised concerning low flash point being the “‘ cause of high consumption’ 
has now been eliminated. 

Referring to the query of recommending the use of colloidal graphite after the running 
in period, no doubt excellent results would be achieved if it was applied in an in- 
telligent manner; on the other hand, if used with an unsuitable oil or in the presence 
of water, as might be caused by condensation or leakage through the cylinder gasket, 
the effects could be very serious, separation of the graphite taking place, forming an 
exceptionally voluminous sludge, which, although small in weight, was very large in 
bulk and might cause obstruction, 
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